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NTRODUCTION : 


n  selected  subset  of  oost-menopausal  women  with  breast  cancer  with  a  very  low  risk  for  local 
•ecurrence  elsewhere  in  the  breast,  a  regimen  of  conformal  hypo-fractionated  radiotherapy  (5 
factions  in  2  weeks')  directed  to  the  original  tumor  bed  with  margins,  could  generate  local 
control  rates  and  cosmetic  results  eauivalent  to  those  achieved  by  conventional  post-operative 
•aoiotherany  (30  fractions  over  6  weeks),  while  being  much  more  convenient  to  the  patient  and 
more  economical. 

"he  specific  aims  of  this  IDEA  grant  are: 

.  To  determine  the  feasibility  of  a  regimen  of  hypo-fractionated  conformal  radiotherapy  to 
he  tumor  bed  as  part  of  breast  preservation  in  selected  post-menopausal  women  with  T1 
breast  cancers. 

To  explore  the  efficacy  of  this  approach  when  compared  to  historical  local  control  rates 
icnieved  bv  standard  post-operative  radiation. 

b  To  prospectively  assess  the  role  of  circulating  TGF-P  pre-treatment  as  a  marker  for  post- 
reatment  fibrosis. 


lODY: 

"he  studv  expected  to  accrue  a  total  of  99  patients  in  4  years. 

because  of  the  studv  design,  that  requires  for  patient  to  first  refuse  to  undergo  standard 
-aaiotheraoy  to  be  offered  the  protocol,  Accrual  of  the  target  population  required  a  longer  time 
nterval.  Currently,  95/99  patients  have  accrued  to  the  study  at  the  time  of  this  final  report. 

\m  NYU-IRB  approved  protocol  testing  the  research  hypothesis  of  this  study  has  been  actively 
•ecruuing  patients  since  October  2000,  with  independent  funding  from  those  allocated  by  the 
'urrenx  award. 

"he  first  29  patients  in  the  protocol  signed  a  consent  form,  as  part  of  an  IRB-approved  protocol 
u  NYU  and  originally  submitted  to  the  DOD.  The  modifications  to  the  protocol  and  the  consent 
•eauirea  by  the  DOD  -  IRB  were  minor  and  did  not  affect  the  research  questions  and 
experimental  design.  The  remaining  patients  have  been  accrued  according  to  the  amended 
irotocol  and  consent  that  reflects  the  minor  changes  required  by  the  DOD-IRB. 

Ye  are  hereby  reporting  the  results  obtained  in  95  patients  accrued.  The  study  continues  accrual 
o  a  total  of  99  patients,  as  planned.  Support  for  data  managing  and  nursing  for  this  last  phase  of 
he  studv  is  provided  by  the  Research  Fund  of  the  NYU  Faculty  Group  Practice. 
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'  able  1  describes  the  pattern  of  accrual  over  the  years: 


Patient  Accrual  Figures  per  Year 

2000 

12 

2001 

11 

2002 

11 

2003 

14 

2004 

11 

2005 

9 

2006 

16 

2007 

11 

Average  accrual/year 

11.875 

TOTAL 

95 

Yith  resard  to  Task  1  and  2  of  the  approved  statement  of  work:  (year  1-4) 

trTo  determine  the  feasibility  of  a  regimen  of  hypo-fractionated  conformal  radiotherapy  to  the 
umor  bed  as  Dart  of  breast  preservation  in  selected  post- menopausal  women  with  T1  breast 
•ancers.  ana  to  explore  the  efficacy  of  this  approach  when  compared  to  historical  local  control 
•ares  achieved  bv  standard  post-operative  radiation.” 

Vt  the  time  of  the  current  report  95  patients  have  accrued  (median  age  68.7  years,  range:  53  to 
18).  The  median  tumor  diameter  is  0.9  cm  (range  0.1  to  1 .9).  93/95  patients  received  treatment 
ma  are  available  for  follow-up.  One  patient  received  2/5  fractions  and  refused  further  treatment 
hereafter,  for  personal  reasons,  as  previously  reported.  This  patient  remains  in  communication 
vuh  her  primary  doctor  and  she  is  reported  to  be  NED  four  years  later.  Two  patients  have 
jignea  informed  consents,  undergone  simulation  and  planning,  and  are  scheduled  to  start 
reatment  in  the  next  week. 


vll  93  patients  treated  appear  to  tolerate  treatment  very  well  with  only  mild  discomfort  reported 
vnen  lving  prone  for  planning  and  treatment.  The  most  common  acute  toxicity  was  grade  1-2 
vrvihema  (50.54%)  occurring  in  the  treatment  portal  and  fatigue  usually  manifesting  in  the 
;econa  week  of  treatment.  Two  patients  reported  Grade  1-2  nausea.  Two  patients  developed 
trade  1  drv  desquamation  and  one  patient  grade  1  breast  edema.  Six  patients  had  induration  at 
he  surgical  scar,  pre-dating  radiation  therapy. 
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"here  are  30  patients  who  have  >  36  months  follow-up.  Preliminary  assessment  of  late  toxicity, 
nciudes  14  patients  who  developed  17  events:  grade  1-2  induration  (5  patients),  fibrosis  (1 
patient),  breast  edema  (2  patients),  teleangectasia  (5  patients),  hyperpigmentation  (4  patients), 
vmong  the  93  patients  who  have  received  treatment  no  recurrence  has  occurred:  median  follow- 
ip  is  22.5  months. 

during  the  first  phase  of  the  trial  we  have  focused  on  two  tasks: 

'l  designing  a  more  comfortable  and  reliable  treatment  table  that  can  enable  geriatric  breast 
•ancer  patients  to  comfortably  withstand  the  treatment  in  prone  position. 

vs  a  result  of  a  partnership  with  one  of  our  breast  cancer  survivor/advocates  who  is  an  architect, 
i  new.  mucn  more  comfortable  table  for  prone  imaging  and  treating  was  designed  (designing  and 
•ngmeering  was  generously  donated  by  our  partner-advocate)  and  built,  as  per  the  attached 
ligital  photo  (see  appendix).  The  table  underwent  testing  (2).  A  second  development  concerned 
he  design  of  a  mattress  (picture  attached). 

")  developing  preliminary  physics  data  about  dose  volume  histogram  (DVH)  analysis  in 
he  studied  population. 

vluch  of  our  initial  research  effort  has  been  spent  in  studying  geometric  and  anatomic  issues  of 
he  tested  techniaue  and  their  dosimetric  implications. 

vs  described  in  the  original  proposal  the  breast  tissue  and  tumor  bed,  identified  at  CT  as  the 
post-surgical  cavity,  are  contoured  on  a  3D  planning  system  (Varian  Somavision/CadPlan)  and  a 
'  cm  margin  added  to  determine  the  PTV.  A  plan  was  generated  in  the  attempt  to  treat  the  entire 
’TV  to  90%  of  the  prescription  dose.  Six  Gy  per  fraction  are  delivered  to  the  95%  isodose 
surface  in  5  fractions  over  ten  days  to  a  total  dose  of  30  GY. 

’lanning  in  the  prone  position  was  feasible  in  89  patients.  Four  patients  were  treated  in  the 
;uoine  posixion  (as  accepted  protocol  deviations),  2  patients  were  unable  to  tolerate  lying  in  the 
none  posixion  secondary  to  paraplegia  and  2  patients,  the  position  of  the  tumor  bed  was  located 
^erv  lateral  and  better  treated  supine.  The  predominant  technique  for  treatment  was  a  pair  of 
parallel-opposed  mini-tangents.  This  arrangement  assured  good  coverage  given  the  constraints 
moosea  by  the  PTV  and  its  relationship  to  the  table. 

!'or  the  entire  group  the  volume  of  breast  receiving  30  Gy  ranged  from  10%  to  45  %.  We  found 
leterogeneity  of  DVH  based  on  the  position  of  the  original  tumor  bed  and  the  size  of  the  breast, 
n  26  of  the  93  patients,  in  order  to  successfully  treat  the  PTV,  greater  than  50%  of  the  ipsilateral 
ireast  volume  received  >50%  of  the  prescription  dose.  This  was  largely  dependent  on  the  size  of 
he  tumor  bed  and  its  location  in  comparison  to  the  index  breast.  Doses  to  the  heart  and  lungs 
vere  ciinicallv  insignificant. 

n  conclusion,  these  preliminary  data  confirm  that  in  most  cases  it  is  possible  to  successfully  plan 
ma  treat  the  PTV  with  parallel  opposed  tangent  fields  without  exceeding  50%  of  the  dose  to 
.0%  of  the  breast  volume. 
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"ask  3:  (year  1-4) 

”o  prospectively  assess  the  role  of  circulating  TGF-P  pre-treatment  as  a  marker  for  past- 
reatment  tibrosis. 


vs  planned,  patients  were  seen  once/week  during  treatment  and  once  two  weeks  after. 

'  hereafter  thev  will  be  seen  in  follow-up  every  3  months  for  the  first  year  and  every  six  months 
or  the  following  five  years.  At  each  visit,  physical  exam  to  detect  clinical  recurrence  was 
performed  and  mammography  films  (once/year)  were  reviewed.  The  data  has  been  regularly 
;oilected  in  the  Oracle  forms  specifically  developed  for  data  collection  and  submitted  with  the 
previous  annual  report. 

Jince  post-radiotherapy  breast  fibrosis  evolves  over  time  and  generally  achieves  a  “plateau”  at 
’4  to  30  months,  we  are  planning  to  assess  the  incidence  of  fibrosis  when  50%  of  the  patients 
lave  reached  the  24  months  minimum  follow-uo,  i.e.  when  at  least  50  patients  are  available  for 
^valuation  after  24  months  from  treatment  (based  on  our  original  design,  with  a  planned  accrual 
if  99  patients).  We  expect  to  reach  this  point  in  the  next  3months. 


<EY  RESEARCH  ACCOMPLISHMENTS: 

.  feasibility  is  demonstrated  in  the  first  93/99  patients 

’.  dosimetric  findings  obtained  in  the  first  93  patients  appear  to  confirm  our  predictions. 

! .  optimal  patient  accrual,  with  an  acceptance  rate  of  96%  among  patients  who  refused  the 
nitial  recommendation  for  conventional  six  weeks  of  oost-segmental  mastectomy 
ractionated  radiotherapy. 

'.  divulgation  of  the  NYU  experience  through  publications  and  for  formation  of  a  School 
or  Prone  Partial  Breast  Irradiation  (see  appendix  1) 


LEPORTABLE  OUTCOMES; 

Jince  the  award  was  received  the  studv  has  been  presented  by  the  P.I.  at  following  international 
ma  national  conferences  tall  CME  approved): 

■V  Madrid  Breast  Cancer  Conference:  changes  in  the  treatment  of  breast  cancer. 

Madrid.  June  7-9,  2001 

Mavo  Clinic  Amelia  Island  Oncology  Review  Course 
vugust  15-18,  2001 

Manhattan  Breast  Cancer  Societv,  Invited  Speaker 
.anuarv  17,  2002 
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'7  Madrid  Breast  Cancer  Conference:  changes  in  the  treatment  of  breast  cancer. 

Vladrid  June  11-13,  2003 

American  Society  for  Therapeutic  Radiology  and  Oncology  (ASTRO)  45'  Annual 
Vleeting,  Salt  Lake  City,  Utah,  October  19-23,  2003 

Emerging  Trends  in  Adjuvant  Therapy  of  Breast  Cancer:  2003  Symposium  in  New  York, 
)ctober  24-26,  2003 

Oiture  of  Breast  Cancer  Meeting,  Bermuda  Islands:  July  22-25,  2004 

San  Raffaele  University,  Milan,  Italy.  Grand  Rounds  Invited  Speaker,  December  20, 

•004 

ZL'h  International  Conference  of  ISIORT  (International  Society  of  Intraoperative  Radiation 
"herapy)  InterContinental  Hotel  Miami,  Florida,  March  17-19,  2005 

1  Columbia  University  Grand  Rounds  Invited  Speaker,  March  3,  2005 

1 JCLA  University  Grand  Rounds  Invited  Speaker,  May  23,  2005 


■  HE  NYU  SCHOOL  FOR  PRONE  PARTIAL  BREAST  IRRADIATION 

1  Trough  the  support  of  this  IDEA  grant  the  NYU  team  has  influenced  the  current  “paradigm 
.niff’  of  breast  radiotherany.  The  technique  developed  at  NYU  was  reported  in  the  recent  issue 
)f  Seminars  in  Radiation  Oncology.  Investigators  from  other  academic  institutions  have  visited 
is  to  learn  the  techniaue  and  because  of  the  growing  demand  we  have  established. 


CONCLUSIONS: 

"he  current  trial  has  shown  to  be  feasible  and  well  tolerated.  The  encountered  acceptance  rate  is 
'6%  in  the  studied  population  and  the  accrual  is  close  to  the  expected  target  (95/90).  Preliminary 
losimetric  findings  encourage  us  to  continue  especially  in  view  of  the  excellent  tolerability  of 
his  approach.  No  one  patient  recurred  so  far.  The  study  will  continue  in  Stage  2  until  at  most 
*9  patients  are  entered. 

onger  follow-up  is  required  for  efficacy,  cosmesis  and  to  assess  the  role  of  circulating  TGF-(3 
rre-rreatment  as  a  marker  for  post-treatment  fibrosis. 

"he  studv  continues  as  planned  and  approved. 
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•LINICAL  INVESTIGATION 


Breast 


’RONE  ACCELERATED  PARTIAL  BREAST  IRRADIATION  AFTER  BREAST- 
CONSERVING  SURGERY:  PRELIMINARY  CLINICAL  RESULTS  AND  DOSE- 

VOLUME  HISTOGRAM  ANALYSIS 


jIlvia  C.  Formenti.  M.D.,*  Minh  Tam  Truong,  M.B.B.S.,*  Judith  D.  Goldberg,  Sc.D.,1 
Vandana  Mukhi.  M.A.,f  Barry  Rosenstein,  Ph.D.,*  Daniel  Roses,  M.D.,* 
xIchard  Shapiro.  M.D.,111  Amber  Guth,  M.D.,11  and  J.  Keith  Dewyngaert,  Ph.D.* 

:<Ueoartments  of  Radiation  Oncology  and  ^Surgery,  New  York  University  School  of  Medicine,  New  York,  NY;  tDivision  of 
tiostatistics.  New  York  University  School  of  Medicine  and  Biostatistics  Shared  Resource,  New  York  University  Cancer  Institute, 

New  York,  NY 

*urnose:  To  report  the  clinical  and  dose-volume  histogram  results  of  the  first  47  patients  accrued  to  a  protocol 
ii  accelerated  uartial  breast  irradiation.  Patients  were  treated  in  the  prone  position  with  three-dimensional 
oni'ormal  radiotheraDy  after  breast-conserving  surgery. 

Ylethods  and  Materials:  Postmenonausal  women  with  Stage  T1N0  breast  cancer  were  eligible  only  after  they  had 
irst  refused  to  undergo  6  weeks  of  standard  radiotherapy.  Planning  CT  in  the  prone  position  was  performed  on 

i  dedicated  table.  The  nostoperative  cavity  was  defined  as  the  clinical  target  volume,  with  a  1.5-cm  margin  added 
o  determine  the  nlanning  target  volume.  A  total  dose  of  30  Gy  at  6  Gy/fraction  was  delivered  in  five  fractions 
vithin  10  days. 

vesults:  The  median  age  of  the  patients  was  67.5  years  (range,  51-88  years).  The  median  tumor  diameter  was 
*  mm  (range,  1.3-19  mm).  In  all  patients,  the  prescribed  dose  encompassed  the  planning  target  volume.  The  mean 
volume  of  the  insilateral  breast  receiving  100%  of  the  prescription  dose  was  26%  (range,  10-45%),  and  the  mean 
volume  contained  within  the  50%  isodose  surface  was  47%  (range,  23-75%).  The  lung  and  heart  were  spared  by 
reating  in  the  prone  position.  Acute  toxicity  was  modest,  limited  mainly  to  Grade  1-2  erythema.  With  a  median 
ollow-un  of  18  months,  only  Grade  1  late  toxicity  occurred,  and  no  patient  developed  local  recurrence. 

Conclusion:  These  data  suggest  that  this  approach  is  well  tolerated,  with  only  mild  acute  side  effects  and  sparing 

ii  the  heart  and  lung.  ©  2004  Elsevier  Inc. 

Ivpofractionation,  Prone,  Partial  breast  irradiation,  Early-stage  breast  cancer. 


NTRODUCTION 

'  he  widesnread  use  of  screening  mammography  during  the 
3asi  three  decades  has  generated  a  new  patient  population, 
consisting  of  postmenopausal  women  with  mammographi- 
•ailv  detected,  nonpalpable,  early-stage,  invasive  breast 
cancer.  These  tumors  are  often  T1N0M0.  Stage  I,  estrogen 
ecemor-positive  tumors,  ideal  for  breast-conserving  ther- 
ipy  iBCT)  (1).  A  more  user-friendly  regimen  than  the 
aandard  5-7  weeks  of  nostoperative  radiotherapy  (RT)  has 
’ecenilv  become  an  area  of  intense  research,  because  in 
certain  natient  populations,  including  the  elderly  and  pa¬ 
tents  living  remote  from  radiation  facilities,  BCT  and/or 
josioperative  RT  appear  to  be  underutilized  (2-6).  Because 
10  nauent  subgroup  has  had  a  sufficiently  low  risk  of 
n-breast  recurrence  to  avoid  whole  breast  RT  routinelv 


after  segmental  mastectomy  (7),  a  shorter  RT  regimen  could 
nmimize  inconvenience  and  improve  the  use  of  BCT. 

The  results  of  five  prospective  randomized  trials  testing 
breast -preserving  surgery  with  or  without  adjuvant  RT  have 
suggested  that  most  failures  occur  at  the  tumor  bed,  thus 
questioning  the  necessity  for  routinely  irradiating  the  whole 
breast  (7-11).  The  ipsilateral  breast  tissue  outside  the  tumor 
bed  appears  to  carry  a  risk  of  recurrence  or  new  breast 
cancer  development  that  is  equivalent  to  that  of  the  con¬ 
tralateral  breast  (0.5-1%  annually),  which  is  routinely  not 
irradiated.  Limiting  RT  to  a  smaller  target  than  the  whole 
breast  has  the  potential  to  reduce  radiation-induced  morbid¬ 
ity.  The  main  advantage  of  partial  breast  RT  is  the  oppor¬ 
tunity  to  increase  the  dose  per  fraction  to  accelerate  treat¬ 
ment  by  limiting  the  volume  of  treated  normal  tissue. 

Although  several  groups  have  focused  on  brachytherapy 
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able  1.  Study  schema  for  Stage  I  breast  cancer 
Dostmenopausal,  nonpalpable  tumors,  after  segmental 
nasiectomy 

nformed  consent  Blood  collection  for 

"GF-,6 

T  olanning  in  prone 
position,  determination  of 
umor  bed  and  ipsilateral 
oreast  tissue 
)avs  1-10  Conformal  tumor  bed 
aaiotheraoy  6  Gy  X  5 
factions  in  2  wk  Days  1,  3, 

.  8,  10  (total  dose,  30  Gy) 

)av  10  Last  day  of  treatment  Blood  collection  for 

'  GF-6 


is  the  techniaue  to  deliver  accelerated  partial  breast  irradi- 
mon  (APB  I)  (12-16),  in  the  early  1990s  we  started  in  ves¬ 
icating  an  external  beam  RT  approach  for  partial  breast 
reatment  (17).  Prone  positioning  of  the  patient  rapidly 
•merged  as  the  best  technique,  because  it  minimizes  move- 
neni  of  the  target  breast  tissue  during  breathing  and 
icnieves  maximal  soaring  of  normal  heart  and  lung  tissue.  A 
3iiot  trial  was  conducted  at  the  University  of  Southern 
California  (USC)/Kenneth  Norris  Jr.  Cancer  Center  to  test 
he  feasibilitv  of  a  short  course  of  hypofractionated  confor- 
nai  RT  to  the  tumor  bed  in  the  Drone  position  as  part  of  a 
breast  conservation  protocol  in  postmenopausal  patients 
vuh  nonoalpable  Stage  pTINO  breast  cancer.  A  radiosur- 

*ery-iike  technique  of  multiple  noncoplanar  fields  was 
ested.  and  10  patients  were  randomly  assigned  to  five 
factions  of  5.  5.5,  or  6  Gy,  on  the  basis  of  radiobiologic 
inear-auadratic  modeling.  These  doses  were  chosen  in  view 
if  their  radiobiologic  equivalence  to  50  Gy  in  25  fractions 
vnen  an  alQ  value  of  4  is  used  for  the  prediction  of  tumor 
-onirol  (18-20).  Local  control  and  cosmetic  results  were 
•xceilent  at  a  minimal  follow-uo  of  36  months  (21). 

n  2000.  funded  by  an  IDEA  grant  from  the  Department 
if  Defense,  a  Phase  I-II  trial  was  initiated  in  the  Department 
if  Radiation  Oncology  at  New  York  University  to  deter¬ 
mine  ihe  feasibilitv  and  efficacy  of  prone,  partial  breast 
conformal  RT  to  the  tumor  bed  in  oostmenopausal  women 
vuh  T1N0M0  breast  cancer  who  had  undergone  segmental 
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mastectomv  and  had  refused  standard  postoperative  whole 
breast  RT. 

METHODS  AND  MATERIALS 

On  the  basis  of  the  data  originated  from  the  initial  pilot 
study  (21),  a  regimen  of  30  Gy  delivered  in  five  fractions 
within  10  davs  was  chosen  for  this  study.  In  addition, 
because  the  biologically  effective  dose  (BED)  (18)  calcula¬ 
tions  predicted  fibrosis  as  the  dose-limiting  toxicity,  the 
study  included  blood  collection  for  measurement  of  trans¬ 
forming  growth  factor- /31  levels  in  pretreatment  plasma,  as 
a  marker  for  the  development  of  post-RT  fibrosis  (Table  1) 
22). 

Justification  of  radiobiologic  dose  and  fractionation 

The  linear-quadratic  model  and  the  BED  equation,  BED 
=  (nd)(l-\~d/a/(3),  derived  from  this  model  (18,  23),  were 
used  to  calculate  the  appropriate  total  dose  and  fraction  size 
for  the  hypofractionated  protocol.  In  this  formula,  n  is  the 
number  of  fractions  and  d  is  the  dose/fraction.  This  equation 
was  used  to  calculate  the  BEDs  for  early  and  late  responses 
and  tumor  control  for  the  hypofractionated  schedule  (five 
fractions  of  6  Gy  delivered  within  10  days)  and  two  stan¬ 
dard  schedules  (25  fractions  of  2  Gy  within  5  weeks,  con¬ 
sidered  the  standard  treatment  without  a  boost  [24]  and  30 
fractions  of  2  Gy  within  6  weeks — 46  Gy  to  the  entire  index 
breast  plus  a  boost  of  14  Gy  to  the  tumor  cavity,  considered 
the  standard  treatment  with  a  boost).  These  calculations 
assumed  that  full  repair  takes  place  during  the  >24-h  inter¬ 
val  between  fractions.  Table  2  lists  the  BEDs  for  tumor 
control,  in  addition  to  the  early  responses,  erythema  and 
desquamation,  and  late  responses,  telangiectasia  and  fibro¬ 
sis.  The  BEDs  for  the  normal  tissue  acute  responses  were 
generally  lower  for  the  hypofractionated  schedule  than  for 
the  standard  treatment  regimens,  indicating  the  risk  of  ra¬ 
diation-induced  complications  should  be  lower  in  the  hypo¬ 
fractionated  schedule  (Table  2). 

For  tumor  control,  if  we  used  an  a/j3  value  of  10  Gy,  the 
typical  value  for  many  tumors  (25,  26),  in  this  calculation, 
the  BED  computed  for  the  hypofractionated  schedule  would 
be  substantially  lower  than  that  for  the  standard  treatments. 


'  able  2.  Biologically  effective  doses 


vB 

Gy) 

Standard 
(60  Gy/30  Fx) 

Standard 
(50  Gy/25  Fx) 

Hypofractionated 
(30  Gy/5  Fx) 

Tvthema 

8 

75  Gy 8 

63  Gy8 

53  Gy8 

)esauamation 

11 

71  Gy,, 

59  Gyn 

46  Gyn 

"elangiectasia 

4 

90  Gy4 

75  Gy4 

75  Gy4 

ibrosis 

2 

120  Gv2 

100  Gy2 

120  Gy2 

"umor 

4 

90  Gy 4 

75  Gy4 

75  Gy4 

"umor* * 

4 

B6  Gy 4 

72  Gy4 

75  Gy4 

"umor 

10 

72  Gv  10 

60  Gy,0 

48  Gy  10 

"umor* 

10 

68  Gv10 

57  Gy10 

48  Gy  10 

K  ^aking  into  account  cell  proliferation  during  course  of  treatment. 
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lowever.  if  the  a/jS  value  is  set  at  4  Gy,  as  suggested  by 
-XDenmenis  involving  irradiation  of  human  breast  cancer 
:eil  lines  ( 18-20),  the  BED  calculated  and,  therefore,  the 
ikelihood  of  tumor  control  associated  with  the  hvpofrac- 
lonated  schedule,  would  be  identical  to  that  of  the  standard 
reatment  without  a  boost.  In  addition,  because  the  hypo- 
ractionated  regimen  also  represents  an  accelerated  protocol 
n  which  the  total  dose  is  delivered  in  onlv  10  days,  less 
umor  oroliferation  is  expected  to  take  place  compared  with 
hat  occurring  during  the  standard  treatment.  By  taking 
hese  factors  into  account,  the  difference  between  the  BEDs 
or  the  two  schedules  is  reduced  (Table  2). 

Study  population 

Jtudv  eligibility  was  limited  to  postmenopausal  women 
vuh  newlv  diagnosed,  nonpalpable,  mammographically  de¬ 
leted.  invasive  breast  cancer.  Menopause  was  defined  as  at 
east  2  vears  without  menstrual  periods.  In  patients  who  had 
inaergone  prior  hysterectomy,  follicle-stimulating  hormone 
evels  were  measured  for  confirmation  of  postmenopausal 
aatus.  Onlv  those  with  pTl,  pNO  or  sentinel  node  negative, 
ir  NO  clinically  if  the  tumor  was  <1  cm  in  size,  were 
ligible.  In  addition,  patients  were  required  to  have  under¬ 
gone  segmenial  mastectomy  or  reexcision  with  negative 
;urgicai  margins  (at  least  5  mm)  and  to  have  estrogen  and/or 
progesterone  receptor-positive  tumors.  Antihormonal  ther¬ 
apy  (^tamoxifen  or  anastrozole)  was  prescribed  in  all  cases. 

'  he  exclusion  criteria  were  previous  RT  to  the  ipsilateral 
preast.  extensive  intraductal  component  in  the  pathologic 
specimen,  a  diagnosis  of  multifocal  breast  cancer,  or  the 
nabilitv  to  provide  informed  consent  as  assessed  by  the 
Yincioal  Investigator.  All  eligible  women  who  were  re- 
erred  to  the  Radiation  Oncology  Department  at  the  New 
7ork  University  School  of  Medicine  for  RT  after  breast- 
'on serving  surgery  for  breast  cancer  were  first  offered  stan- 
lard  conventional  6- week  RT.  Only  women  who  declined 
aandard  RT  were  given  the  opportunity  to  participate  in  the 
current  protocol  by  providing  informed  consent.  The  New 
Aork  University  institutional  review  board  and  the  institu- 
lonal  review  board  of  the  Department  of  Defense  reviewed 
ina  approved  all  aspects  of  the  study. 

'  oxicitv  was  assessed  every  week  during  treatment.  Pa- 
lents  were  followed  monthlv  with  physical  examination  for 
he  first  90  davs,  every  3  months  for  the  first  year,  every  6 
nonihs  for  the  next  4  vears,  and  yearly  thereafter  to  evaluate 
heir  status  with  respect  to  recurrence,  long-term  toxicity, 
ma  cosmesis.  Toxicity  was  evaluated  at  each  visit  accord- 
ng  to  the  Radiation  Therapy  Oncology  Group  toxicity 
scoring  criteria.  Cosmesis  was  recorded  by  the  patient  at 
paseline  /before  RT  started)  and  then  every  6  months. 

Simulation  and  treatment  planning 

"atients  were  placed  in  the  prone  position  on  a  dedicated 
reatment  table  for  CT  planning  and  treatment  (Figs.  1-3). 
”he  table  has  an  aperture  to  allow  the  breast  to  fall  by 
gravity  away  from  the  chest  wall  (17).  Patient  positioning 
)n  the  table  was  established  bv  two  lateral  lasers  and  one 


Tig.  1.  Computed  tomography  simulator  and  prone  breast  table. 


overhead  laser.  Noncontrast  CT  images  were  acquired  at 
3.75-mm-thick  intervals  from  the  level  of  the  mandible  to 
below  the  diaphragm  using  a  GE  Light  speed  helical  CT 
scanner.  CT  images  were  transferred  to  a  Varian  Eclipse 
treatment  planning  system  (Varian  Cadplan,  Varian  Med¬ 
ical  Systems,  Palo  Alto,  CA).  The  surgical  cavity,  iden¬ 
tified  at  CT  as  the  area  of  architectural  distortion  in  the 
oreast  tissue,  defined  the  clinical  target  volume  (CTV) 
(Fig.  4).  When  necessary,  information  obtained  from  the 
surgical  report,  mammography  findings,  and  other  avail- 
aole  imaging  test  results  were  also  incorporated.  Al¬ 
though  not  intentionally  included  by  the  CTV,  the  surgi¬ 
cal  incision  was  outlined  by  a  wire  placed  over  the 
incision  before  CT  scanning. 

Adding  a  1.5-2-cm  margin  to  the  CTV  created  the  plan¬ 
ning  target  volume  (PTV).  After  uniform  expansion,  the 
PTV  was  limited  anteriorly  by  the  skin  and  posteriorly  by 
the  chest  wall.  An  additional  7-mm  margin  was  added  to  the 
PTV  to  the  field  edge  to  account  for  beam  penumbra,  for  a 
otal  margin  of  2. 2-2.7  cm.  The  ipsilateral  lung  and  heart 
were  outlined.  The  normal  ipsilateral  breast  tissue  volume 
was  defined  by  applying  radiopaque  wires  in  the  supine 
position  at  the  site  of  the  medial,  lateral,  inferior,  and 
superior  borders  of  the  classic  opposite  tangent  breast  fields 
to  define  the  volume  that  would  have  been  treated  by  classic 
whole  breast  tangents  in  the  supine  position. 
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;ig.  2.  Positioning  and  setup.  Patient  is  positioned  prone  on  a  dedicated  table  that  allows  the  target  breast  tissue  to  fall 
"reelv  through  the  opening. 


)ose-volume  constraint  guidelines 

'  reatment  planning  was  performed  using  the  CT-defined 
^oiumes.  most  often  through  an  opposed  pair  of  mini- 
an gents.  When  required  to  increase  dose  distribution  ho¬ 


mogeneity,  wedges  were  used.  The  isocenter  was  located 
approximately  5-7  cm  from  the  midline  along  an  axis 
passing  through  the  center  of  the  PTV.  The  dose  was 
normalized  to  100%  at  the  isocenter  before  choosing  an 


:ig.  3.  Patient  undergoing  computed  tomography  acquisition  of  images. 
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:ig.  4.  (Upper)  Example  of  relationship  of  tumor  bed  to  planning  target  volume  (PTV)  demonstrated;  tumor  bed  in  red 
vasn.  PTV  in  blue,  heart  in  pink,  and  lung  in  light  green.  PTV  represents  a  1 .5-cm  margin  on  tumor  bed.  (Lower)  Digital 
econsiructed  radiographs,  right  anterior  oblique  and  left  posterior  oblique  portals  for  left- sided  breast  cancer. 


soaose  surface  that  encompassed  the  PTV,  typically  95%. 
lose  inhomogeneity  was  maintained  at  <110%. 

additional  normal  tissue  dose  guidelines  included  limit- 
ng  50%  of  the  ipsilateral  breast  volume  to  <50%  of  the 
prescribed  dose.  In  addition,  the  volume  of  heart  and  lung 
nciuded  in  the  treatment  fields  was  expected  to  be  <10%. 
’ield  arrangements  were  designed  to  avoid  the  contralateral 
preast  and  ipsilateral  lung  and  heart  tissue  completely  (Fig. 
').  The  dose  fractionation  schedule  was  30  Gy  delivered  in 
ive  fractions  of  6  Gv  to  the  95%  isodose  surface,  given 
vithin  10  davs  (Monday,  Wednesday,  Friday,  Monday, 
Vednesdav). 

'arget  positioning  verification 

'  reatment  room  lasers  were  used  to  verifv  consistent 
positioning  of  the  patient  on  the  table.  Daily  setup  repro- 
tucibilitv  was  ensured  by  leveling  marks  on  the  torso  and 
nangulation  marks  placed  on  the  back,  ipsilateral  side,  and 
preast  tissue  (Fig.  5).  The  setup  was  designed  to  identify  a 
plane  orthogonal  to  the  table  that  also  crossed  the  tumor 
*avi iv .  Before  each  fraction,  portal  films  of  each  field  ver- 
fied  treatment  positioning.  Accepted  variance  was  limited 


to  5  mm  from  the  isocenter  position  indicated  on  the  digi¬ 
tally  reconstructed  radiographs  (Fig.  6). 

Statistical  analysis 

An  optimal  two-stage  Simon  design  was  used  for  this 
Phase  II  trial  (27).  It  is  based  on  testing  the  null  hypothesis 
that  the  3 -year  local  recurrence  rate  is  >9%  vs.  the  alter¬ 
native  that  the  3-year  local  recurrence  rate  is  <3%  (a  0.05; 
power  of  0.80).  The  study  was  designed  to  enroll  31  patients 
in  the  first  stage  and  up  to  99  patients  during  the  entire  trial. 
If  two  or  fewer  local  recurrences  developed  in  the  first  31 
patients  who  completed  at  least  1  year  of  follow-up,  accrual 
would  continue  up  to  completion  of  the  second  stage.  If  five 
or  more  local  recurrences  were  observed  at  any  point,  the 
trial  would  be  stopped.  The  trial  will  be  terminated  when  at 
most  99  patients  have  been  entered  and  followed  for  at  least 
1  year.  Any  ipsilateral  breast  local  recurrence,  whether  a 
true  local  recurrence  (within  the  radiation  field)  or  breast 
local  recurrence  outside  the  field,  was  the  main  study  end¬ 
point  (including  both  isolated  recurrence  and  concomitant 
with  distant  disease). 
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:ig.  5.  Target  position  verification  by  triangulation  marks  placed  carefully  on  back,  ipsilateral  side,  and  breast. 


RESULTS 

linical  results 

ietween  June  2000  and  December  2003.  50  patients  were 
nroiled  in  the  studv.  A  summary  of  the  baseline  patient  and 
umor  characteristics  is  orovided  in  Tables  3  and  4,  respec- 
lvelv,  and  includes  the  mean,  median,  quartiles,  and  range 
or  continuous  variables  and  freauency  distributions  for 
categorical  variables.  Of  the  50  screened  patients,  47  en- 
ered  the  treatment  ohase  and  46  completed  treatment.  Three 
Dauents  were  lost  to  follow-up  before  initiating  any  treat- 
nent.  and  1  patient  discontinued  treatment  after  two  frac- 
10ns  for  oersonal  reasons.  She  reported  no  acute  toxicities. 

'  he  median  length  of  follow-up  was  18  months  (range, 
1.3-40.3  months).  Of  the  46  patients,  30  were  followed  for 
!  vear  since  the  start  of  treatment  without  any  local 
’ecurrences.  ana  the  study  continues  to  accrue  patients.  The 
ollow-up  distribution  is  shown  in  Table  5. 

'  he  most  common  acute  toxicity  noted  was  Grade  1-2 
•rvihema,  observed  in  28  patients  (60%  of  patients  treated; 
'  able  6).  A  preliminary  assessment  of  late  toxicity  has 
naicated  that  these  were  primarily  Grade  1  (Table  6).  A 
otal  of  21  late  toxicities  have  occurred  in  14  patients.  Eight 
patients  had  Grade  1  induration  before  RT,  related  to  the 
:urgery.  Cosmetic  results  were  rated  as  “good/excellent”  in 
patients  with  6-12  months  of  follow-up,  3  patients  with 
2.1-18  months  of  follow-up,  5  patients  with  18.1-24 
nonuhs  of  follow-up,  12  patients  with  >2  years  of  follow- 
ip,  ana  5  patients  with  >3  years  of  follow-up.  In  2  patients, 
he  cosmetic  results  were  rated  as  “fair”  at  12  and  18  months 
)i  follow-up.  The  remaining  patients  have  had  <6  months 


of  follow-up.  In  none  of  the  patients  was  the  post-RT  score 
.vorse  than  at  the  baseline  postoperative  assessment. 

At  last  follow-up,  no  patient  had  developed  local  recur¬ 
rence.  One  patient  developed  metastatic  squamous  cell  car¬ 
cinoma  of  the  lung  with  mediastinal,  paraspinal,  and  osse¬ 
ous  metastases  2  months  after  RT  completion.  No  evidence 
of  malignancy  could  be  found  at  review  of  the  chest  X-ray 
obtained  before  undergoing  segmental  mastectomy.  Her 
condition  rapidly  deteriorated  because  of  metastatic  lung 
cancer  and  she  died  3  months  after  completion  of  the 
protocol  treatment. 

Physics  results 

Of  the  47  patients,  43  were  treated  in  the  prone  position. 
Four  patients  were  treated  in  the  supine  position  (as  ac¬ 
cepted  protocol  deviations  by  the  principal  investigator).  Of 
the  4  patients,  2  could  not  tolerate  prone  positioning  because 
of  a  preexisting  physical  disability  (hemiparesis  due  to  a 
previous  stroke  in  1  and  multiple  sclerosis  in  another  1).  The 
third  patient  could  not  be  treated  in  the  prone  position 
without  treating  the  arm  and  contralateral  breast  because  of 
severe  Kyphosis,  secondary  to  osteoporosis.  In  the  fourth 
patient,  the  tumor  bed  was  located  lateral  and  superior  in  tail 
of  Spence,  and  it  was  better  treated  in  the  supine  position. 

The  predominant  technique  for  treatment  was  a  pair  of 
parallel-opposed  mini- tangents.  This  arrangement  provided 
a  simplified  treatment  setup  and  ensured  good  coverage, 
given  the  constraints  imposed  by  the  PTV  and  its  relation¬ 
ship  to  the  table  (Fig.  4). 
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dosimetric  findings 

1  he  dosimetric  results  are  summarized  in  Tables  7  and  8. 
‘  he  mean  and  median  size  of  the  surgical  cavity  (CTV)  at 
"T  acquisition  was  52  cmJ  and  34  cm3  (range,  7-379  cm  3), 
esDecuvely.  The  mean  and  median  volume  of  the  PTV  was 
'28  cm"  and  192  cm3  (range,  57-1118  cm  3),  respectively. 


The  mean  and  median  volume  of  the  ipsilateral  breast  were 
1102  cm5  and  1006  cm3,  respectively  (range,  258-3468 
cm3).  The  mean  and  median  coverage  of  the  PTV  by  the  30 
Gy  isodose  surface  were  both  100%. 

Dose-volume  histograms  of  the  ipsilateral  breast  volume 
(Fig.  7),  lung  and  heart  were  generated.  The  mean  and 
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'  able  3.  Baseline  oatient  characteristics  (n  =  47) 

’atients  ( n ) 


Race 


Back 

1  (2.1) 

lispanic 

2  (4.3) 

Vhite 

44  (93.6) 

Performance  status  at  screening 

) 

19  (40.4) 
24  (51.1) 

1  (2.1) 

Jnknown 

3  (6.4) 

>reast  side 

.eft 

27  (57.5) 

light 

20  (42.6) 

lormonal  reolacement  therapy 

'urrent 

4  (8.5) 

’ast 

15  (31.9) 

'lone 

27  (57.5) 

Jnknown 

1  (2.1) 

"umor  estrogen  receptor  status 

Negative 

1(2.1) 

’ositive 

46  C97.9) 

'  umor  orogesterone  receptor  status 

Negative 

13  (27.7) 

Positive 

34  (72.3) 

"umor  Her2-neu  status  by  1HC 

) 

31  (65.9) 
7  (14.9) 

+ 

4  (8.5) 

+  + 

3  (6.4) 

Jnknown 

2  (4.3) 

)ata  in  narentheses  are  percentages. 

neaian  volume  of  the  iosilateral  breast  receiving  100%  of 
he  Description  dose  was  26%  and  27%  (range,  10-45%), 
’esDecuvely.  The  mean  and  median  volume  receiving  50% 
)i  the  Description  dose  was  47%  and  46%  (range,  23- 
*5%),  respectively.  We  found  heterogeneity  in  the  dose- 
'oiume  histogram  based  on  the  position  of  the  original 
umor  bed  and  the  size  of  the  breast.  In  25%  of  oatients  (12 

47),  to  successfully  treat  the  PTV,  >50%  of  the  ipsilat- 
■rai  breast  volume  received  >50%  of  the  orescription  dose. 

Jose  to  heart  and  lung 

'  he  mean  Dercentage  of  lung  volume  receiving  20,  10, 
ma  5  Gv  was  0%  (range,  0-4%,  0-6%,  and  0-10%  re- 
:Decnvely)  for  all.  The  mean  percentage  of  heart  volume 
’eceiving  20,  10,  and  5  Gy  was  also  0%  (Table  8).  These 
loses  were  less  than  what  has  been  reoorted  using  partial 
ireast  irradiation  in  the  suoine  position  (28).  Prone  posi- 
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Table  5.  Follow-up  distribution  from  start  of  treatment  to  last 
)bservation 


'  !'ollow-up  (mo) 

Patients  ( n ) 

0-6 

11  (23.4) 

6-12 

6  (12.8) 

12-18 

7  (14.8) 

18-24 

4  (8.5) 

24-30 

5  (10.6) 

30-36 

6  (12.8) 

36^2 

8(17.1) 

Total 

47  (100.0) 

Data  in  parentheses  are  percentages. 

Table  6.  Acute  and  late  toxicity 

Toxicity 

Worst 

grade 

Toxic ities  {n) 

Acute  (n  =  28/47) 

Breast  swelling 

1 

1  (2.7) 

Desquamation 

1 

2  (5.4) 

Erythema 

1 

21  (56.7) 

5  (13.5) 

Late  (n  =  14/47) 

Erythema 

1 

2  (9.5) 

Fibrosis 

1 

2(9.5) 

Ilyperpigmentation 

1 

3  (14.4) 

Induration 

1 

8(38.1) 

Telangiectasia 

1 

5  (23.8) 

Other 

1 

1  (4.8) 

Data  in  Darentheses  are  percentages. 


lioning  allowed  sparing  of  these  critical  structures  by  allow¬ 
ing  the  breast  tissue  to  fall  away  from  the  chest  wall  and 
minimizing  breast  movement  secondary  to  the  respiratory 
excursion  that  commonly  occurs  in  the  supine  position.  In 
ihe  4  patients  treated  supine  in  this  study,  the  median  dose 
io  the  lung  receiving  20,  10,  and  5  Gy  was  2%,  4%,  and  6%, 
respectively. 

)ISCUSSION 

The  current  study  represents  the  largest  reported  experi¬ 
ence  of  three-dimensional  conformal  external  beam  RT  for 
APB  I  as  part  of  BCT.  With  the  limitation  of  a  short  median 
follow-up  of  only  1 8  months,  these  results  support  the  safety 
and  feasibility  of  the  regimen. 

Several  differences  characterize  this  approach  compared 


'  able  4.  Baseline  tumor  characteristics  (n  =  47) 


7  ariable 

Mean 

03 

Median 

Ql 

Range 

\ge  (y) 

68 

77 

68 

61 

52-88 

"umor  size  (mm) 

9.6 

13.0 

9.0 

7.0 

1.3-19 

!'ollow-up  (mo) 

19.0 

32.5 

16.7 

6.2 

0.3-40.3 

abbreviations:  03  =  third  quartile;  Q1  =  first  quartile. 
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'  able  7.  Dosimetric  findings:  CTV,  PTV,  and  IBV 


dosimetric  characteristics 

vlean 

value 

Median 

value 

Range 

BV  ('em3) 

1102 

1006 

258-3468 

*TV  ('em3) 

52 

34 

7-379 

■TV  ('em3) 

228 

192 

57-1118 

vlaximal  dose  (%  of  PD) 

110 

108 

105-117 

TV  coverage  by  95% 

soaose  surface  (%) 

100 

100 

— 

snilateral  breast  coverage 
%  IBV  encompassed 
w  %  of  PD) 

00%  of  PD 

26 

27 

10-45 

5%  of  PD 

41 

40 

20-68 

.0%  of  PD 

47 

46 

23-75 

'5%  of  PD 

53 

53 

27-82 

TV/IBV  (%) 

5 

4 

1-22 

TV/IBV  (%) 

22 

20 

10-55 

TV/PTV  (%) 

20 

20 

6^6 

i bbreviations:  CTV  =  clinical  target  volume  (tumor  bed);  PTV 
manning  target  volume;  IBV  =  ipsilateral  breast  volume;  PD  = 
prescribed  dose. 

vith  those  reoorted  by  other  groups  studying  partial  breast 
vT  with  an  external  beam  techniaue.  First,  the  patients  in 
his  studv  received  treatment  in  the  prone  position  (21).  The 
lavantages  of  a  prone  technique  are  manifold.  Prone  posi- 
toning  considerably  reduces  the  breast  tissue  motion  sec- 
maarv  to  both  cardiac  systole  and  respiration  (29),  limiting 
he  excursion  of  the  chest  wall  to  <5  mm  (17).  With  the 
nangulation  technique  we  developed  for  positioning,  the 
breast  tissue  remains  a  oredictably  fixed  target.  In  addition, 
brone  positioning  allows  for  exclusion  of  lung  and  heart 
issue  from  the  treatment  fields  (30).  This  is  particularly 
relevant  in  view  of  the  growing  evidence  of  the  late  mor¬ 
bidities  these  organs  derive  from  breast  irradiation  in  the 


Table  8.  Dosimetric  findings  of  normal  tissue:  heart  and  lung 


Dosimetric 

characteristics 

Mean 

(%> 

Median 

(%) 

Range 

(%) 

Ipsilateral  lung 

V  20  Gy 

0 

0 

0-4 

V  10  Gy 

1 

0 

0-6 

V  5  Gy 

2 

0 

0-10 

Heart 

V  5  Gy 

0 

0 

0 

Abbreviation:  V  =  percentage  of  volume  receiving  specified 
dose. 

Values  rounded  to  nearest  whole  number. 


jupine  position  (31-35).  Moreover,  in  women  with  pendu¬ 
lous  and/or  large  breasts,  treatment  in  the  prone  position 
allows  the  breast  tissue  to  fall  away  from  the  chest  wall 
preventing  skin  desquamation  along  the  inframammary 
fold,  a  common  occurrence  when  treated  supine.  Finally, 
based  on  BED  modeling,  instead  of  the  approach  (twice 
iailv  during  5  days)  used  by  the  investigators  at  Beaumont 
lospital  (28,  36),  the  treatment  described  consisted  of  five 
fractions  within  10  days,  a  schedule  that  was  easy  to  adhere 
to,  even  for  elderly  patients. 

Compared  with  partial  breast  RT  using  br  achy  therapy, 
the  advantages  of  prone  external  beam  APBI  consist  of  its 
noninvasive  nature,  the  simplicity  of  the  field  arrangements 
and  ease  of  patient  setup.  Potentially,  any  RT  facility 
equipped  with  CT  planning  and  a  linear  accelerator  could 
adopt  this  approach. 

However,  many  challenges  remain  associated  with  this 
area  of  breast  cancer  radiation  research.  For  example,  the 
exact  identification  of  the  target  remains  to  be  defined. 
Placement  of  clips  has  been  suggested  to  facilitate  the 
radiographic  identification  of  the  cavity;  however,  signifi- 
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'ig.  7.  Dose-volume  histogram  of  ipsilateral  breast  of  47  patients. 
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ant  clin  migration  has  been  reported,  particularly  after 
ireast  bionsy  procedures,  making  reliance  on  the  technique 
mesuonable  (37).  In  the  current  series  of  patients,  the  cavity 
vas  identified  bv  CT  planning.  Owing  to  our  selection 
'rueria.  none  of  the  patients  had  undergone  chemotherapy, 
najdng  it  possible  to  plan  and  start  RT  close  to  the  time  of 
surgery,  wnen  the  postexcision  cavity  could  more  easily  be 
dentified  (Fig.  4).  Although  we  found  no  correlation  with 
he  interval  between  surgery  and  the  date  of  CT  acquisition 
if  the  CTV.  it  could  be  possible  that  with  increasing  time 
liter  surgery,  the  accuracy  of  CTV  definition  by  CT  might 
liminish.  In  the  future,  if  APBI  is  revealed  to  be  equivalent 
o  standard  RT.  the  argument  of  delivering  it  before  sys- 
emic  treatment  could  be  made,  in  view  of  its  brief  course 
ma  the  optimal  visualization  of  the  tumor  bed  soon  after 
surgery. 

”he  best  dose/fractionation  regimen  for  APBI  also  re- 
nains  to  be  determined,  in  terms  of  both  ensuring  optimal 
umor  control  and  cosmetic  outcome.  With  regard  to  the 
atter.  even  if  it  is  not  predicted  by  the  BED  modeling, 
lvpofractionated  regimens  may  carry  some  risk  of  late 
Tfects.  such  as  breast  fibrosis  and  telangiectasia.  Currently, 
10  predictive  markers  are  routinely  available  to  determine 
vnich  patients  will  develop  radiation-induced  late  toxicity, 
n  a  studv  by  Li  et  al  (22),  a  statistically  significant  corre- 
ation  between  the  pretreatment  plasma  levels  of  transform- 
ng  growth  factor- J31  (a  multifunctional  cytokine  implicated 
n  tissue  fibrosis)  was  found  in  patients  treated  with  BCT 
vno  developed  severe  post-RT  fibrosis.  The  regimen  used 
consisted  of  40  Gv  in  15  fractions  to  the  whole  breast.  Other 
audies  have  revealed  that  specific  polymorphisms  of  the 
ransforming  growth  factor- ]31  promoter  gene  might  be 
issociated  with  the  development  of  severe  fibrosis, 
luarmby  et  al  (38)  reported  that  patients  with  the  —  509TT 
)r  -r869CC  genotypes  were  7-15  times  more  likely  to 
levelop  severe  fibrosis.  Future  genetic  studies  might  enable 
he  identification  of  a  panel  of  polymorphic  sites  associated 
vuh  fibrosis  that  could  make  it  possible  to  prospectively 
letect  “fibrosis -prone”  individuals.  In  the  current  study, 
ireireatment  blood  samples  are  prospectively  collected  to 
est  this  hvpothesis. 

v  more  serious  concern  is  the  risk  of  underdosing  the 
umor  bed.  In  an  associated  paper,  we  have  discussed  in 
lenth  the  results  obtained  by  radiobiologic  modeling  of 
no  si  currentlv  used  partial  breast  irradiation  protocols.  All 
egimens  currently  used  result  in  inferior  BED  values  for 
umor  effects  compared  with  those  achieved  by  60  Gy  in  30 
factions  during  6  weeks.  For  the  current  regimen,  the  dose 
'nosen  was  derived  bv  matching  the  same  BED  values  (75 
tv2)  for  tumor  control  of  a  standard  regimen  of  50  Gy  in  25 
factions.  When  the  protocol  was  originally  designed,  con- 
roversv  existed  regarding  the  value  of  adding  a  boost  after 
0  Gv  to  the  whole  breast,  the  regimen  used  in  the  RT  arm 
)i  National  Surgical  Adjuvant  Breast  and  Bowel  Project 
finical  trial  B-06.  For  instance,  in  a  contemporary  publica- 
lon.  Hay  man  et  al  (39)  had  addressed  the  cost-effective¬ 
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ness  of  an  electron  boost  and,  based  on  the  evidence  avail¬ 
able  at  that  time,  concluded  that  its  ratio  in  quality-adjusted 
life  years  was  “well  above  the  commonly  cited  threshold  for 
cost-effective  care.”  However,  in  view  of  the  evidence 
subsequently  generated  by  the  European  Organization  for 
Research  and  Treatment  of  Cancer  trial  of  a  dose-response 
relation  at  the  tumor  bed,  the  currently  used  experimental 
regimen  could  be  inadequate  to  ensure  optimal  local  control 
in  a  nonselected  cohort  of  women  treated  by  BCT  (40). 
Whether  the  hypofractionated  regimen  (30  Gy  in  5  fractions 
within  10  days)  will  be  revealed  as  adequate  in  ensuring 
tumor  control  in  the  carefully  selected  population  studied  in 
this  trial  warrants  long-term  follow-up. 

The  issue  of  optimal  patients  selection  also  remains  un¬ 
answered:  does  a  specific  subset  of  women  exist  for  whom 
partial  breast  RT  is  equivalent  to  whole  breast  RT?  Contro¬ 
versy  exists  with  regard  to  eligibility  for  partial  breast  RT 
studies.  Contrary  to  the  results  of  Vicini  et  al  (41),  who 
reported  a  promising  1%  local  recurrence  rate  at  a  median 
follow-up  of  65  months  after  partial  breast  brachy therapy,  a 
recent  report  from  another  group  had  a  60-month  actuarial 
rate  of  ipsilateral  recurrence  of  16.2%  (42).  Also,  four  of  the 
six  in-breast  recurrences  occurred  outside  the  lumpectomy 
site,  even  though  each  of  the  women  with  recurrence  had 
originally  had  a  mammographically  detected  T1  primary 
(42).  We  deliberately  focused  our  study  on  the  rapidly 
growing  subset  of  breast  cancer  patients,  postmenopausal 
women  with  mammographically  detected  tumors,  a  popula¬ 
tion  in  which  96%  of  the  detected  breast  cancers  are  T1 
lesions  (43,  44).  Long-term  results  from  the  current  study 
will  provide  important  preliminary  results  on  whether  a 
more  user-friendly,  cost-effective  regimen  can  be  safely 
offered  to  this  population  of  patients  with  generally  indolent 
breast  cancers. 

Finally,  characteristic  of  the  current  study  is  that  eligible 
patients  also  need  to  have  refused  to  undergo  the  standard 
6- week  RT  regimen  to  be  offered  the  current  protocol.  This 
approach  reflects  our  bias  regarding  the  ethics  of  studying  a 
potentially  “lesser”  treatment  in  a  setting  in  which  the 
standard  therapy  has  resulted  in  exceptionally  high  success 
rates.  Thus,  two  other  important  measures  of  caution  were 
taken.  First,  eligibility  is  limited  to  postmenopausal  women 
with  a  very  low  risk  of  ipsilateral  in-breast  recurrence, 
including  the  requirement  for  estrogen  receptor  positivity 
and  antiestrogen  treatment  and,  second,  a  Stage  2  Simon 
statistical  design  with  early  stopping  rules,  based  on  a  5% 
actuarial  recurrence  rate  at  5  years,  was  chosen  to  minimize 
the  risk  to  the  patients  who  have  elected  to  participate  in  the 
protocol. 

In  view  of  these  results  and  of  the  many  potential 
advantages,  including  increasing  compliance  to  RT, 
thereby  increasing  the  rate  of  breast  preservation  treat¬ 
ment,  reducing  adjacent  normal  tissue  morbidity,  and 
reducing  the  cost  of  postoperative  RT  (5  vs.  30  treat¬ 
ments),  we  are  continuing  the  planned  accrual  of  99 
patients  to  this  trial. 
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hirnose:  To  analyze  the  dose/fractionation  schedules  currently  used  in  ongoing  clinical  trials  of  partial  breast 
rradiation  (TBI)  by  comparing  their  biologically  effective  dose  (BED)  values  to  those  of  three  standard  whole 
jreast  nrotocols  commonly  used  after  segmental  mastectomy  in  the  treatment  of  breast  cancer. 

VIethods  and  Materials:  The  BED  eauation  derived  from  the  linear-quadratic  model  for  radiation-induced  cell 
dlling  was  used  to  calculate  the  BEDs  for  three  commonly  used  whole  breast  radiotherapy  regimens,  in  addition 
o  a  variety  of  external  beam  radiotherapy,  as  well  as  high-dose-rate  and  low-dose-rate  brachytherapy,  FBI 
protocols. 

vesults:  The  BED  values  of  most  FBI  nrotocols  resulted  in  tumor  control  BEDs  roughly  equivalent  to  a  50-Gy 
;tandard  treatment,  but  consistently  lower  than  the  BEDs  for  regimens  in  which  the  tumor  bed  receives  a  total 
lose  of  either  60  Gy  or  66  Gy.  The  BED  values  calculated  for  the  acute  radiation  responses  of  erythema  and 
lesauamation  were  nearly  all  lower  for  the  FBI  schedules,  and  the  late-response  BEDs  for  most  FBI  regimens 
vere  in  a  simiiar  range  to  the  BEDs  for  the  standard  treatments. 

Conclusion:  Biologically  effective  dose  modeling  raises  the  concern  that  inadequate  doses  might  be  delivered  by 
*BI  to  ensure  optimal  in-field  tumor  control.  ©  2004  Elsevier  Inc. 

iiologically  effective  dose,  Breast  cancer,  Partial  breast  irradiation. 


NTRODUCTION 

'  he  Dossibility  of  completing  the  course  of  postsegmental 
nasiectomv  radiotherapy  (RT)  in  a  smaller  number  of  treat- 
nenis  within  a  shorter  neriod  is  very  appealing  to  breast 
cancer  nauents.  If  a  shorter  regimen  proves  equivalent  to 
aandard  treatment,  it  could  represent  important  progress  in 
erms  of  cost-effectiveness  for  RT.  Furthermore,  the  imple¬ 
mentation  of  a  breast  cancer  radiation  nrotocol  that  is  less 
mmoersome  mav  help  to  address  the  logistical  problems 
aced  bv  many  patients,  particularly  the  elderly  or  those  who 
ive  distant  from  a  RT  facilitv.  These  difficulties  cause  many 
lauents  who  are  candidates  for  breast  conserving  therapy 
iiher  to  select  mastectomv  or,  worse,  to  simply  forgo  the 
vT  nortion  of  breast  conserving  therapy  (1-3). 

)ne  method  to  accomplish  this  aim  was  attempted  in  the 
970s  in  several  countries,  where  breast  cancer  patients 
received  nostmastectomy  RT  to  the  chest  wall  and  draining 
ioaes  involving  the  use  of  larger-th an- standard  (1.8-2  Gy) 
faction  sizes  or  hvpofractionation.  For  example,  in  one 
:enes.  postmastectomy  breast  cancer  patients  were  given  12 
factions  to  either  a  maximal  absorbed  dose  of  5 1 .4  Gy  or  a 
minimal  target  dose  of  36.6  Gy  specified  at  the  level  of  the 


mid-axilla  (4,  5).  Many  of  the  patients  treated  with  these 
lvpofractionated  protocols  subsequently  developed  chronic 
radiation  iniury,  primarily  fibrosis  (4,  5).  This  discouraging 
experience  rendered  radiation  oncologists  hesitant  to  reex¬ 
plore  the  use  of  large-dose  fractions  in  the  treatment  of 
breast  cancer. 

It  was  only  with  the  recent  recognition  of  the  common 
topographic  pattern  of  local  recurrence  after  segmental  mas¬ 
tectomy  that  it  became  reasonable  to  question  whether  it  is 
always  necessary  to  irradiate  the  entire  breast  (6-10).  The 
results  from  five  prospective  randomized  trials  are  available 
to  understand  this  issue  better  (6-9,  1 1).  For  instance,  in  the 
National  Surgical  Adjuvant  Breast  Project  (NSABP)-06 
study,  all  recurrences  were  reported  to  be  within,  or  close  to, 
the  quadrant  of  the  original  tumor  (10,  11).  In  the  study  by 
Liljegrene/  al.  (9),  a  significantly  greater  rate  of  local  re¬ 
currence  was  found  in  the  arm  receiving  segmental  mastec¬ 
tomy  alone  compared  with  the  arm  receiving  segmental 
mastectomy  and  postoperative  RT  (18.4%  vs.  2.3%).  Again, 
77%  of  the  recurrences  in  the  surgery- alone  arm  occurred 
within  the  initial  tumor  bed  (9).  A  similar  geographic  pat¬ 
tern  of  local  recurrence  was  recorded  in  the  three  other 
studies  (6,  7).  When  the  local  recurrence  data  were  classi- 
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ied  as  “within”  vs.  “outside”  the  original  tumor  bed,  the 
isk  of  recurrence  outside  the  original  tumor  bed  appeared  to 
je  eauivalent  (or  inferior)  to  the  risk  of  new  primary  cancers 
n  the  contralateral  breast,  which  conventionally  is  not  irra- 
liated.  The  incidence  of  contralateral  breast  cancer  for  these 
audies  was  within  the  expected  range  of  0.5-1%  annually. 
'  hese  data  suoport  the  rationale  for  treating  the  original 
umor  bed  as  the  area  that  could  most  benefit  from  the 
ladition  of  adiuvant  RT,  omitting  the  remaining  breast 
issue  in  the  iosilateral  and  contralateral  breast. 

imiting  adjuvant  RT  to  a  volume  inclusive  of  the  tumor 
vnh  sufficient  margins  among  selected  patients  enabled  the 
•xoioration  of  hypofractionated  regimens  (12-14).  A  num¬ 
ber  of  protocols  have  since  been  developed  with  the  intent 
if  treating  the  original  tumor  bed  with  margins.  This  ap- 
3roacn  is  based  on  the  rationale  that  if  much  of  the  breast 
receives  a  dose  below  a  clinicallv  relevant  threshold,  it  may 
~>e  possible  to  treat  a  small  volume  with  larger  fraction  sizes 
ina  maintain  a  low  risk  of  late  effects.  Thus,  through 
reatment  of  a  smaller  volume,  it  may  be  possible  to  avoid 
he  classic  dilemma  encountered  when  a  hvpofractionated 
Droiocol  is  substituted  for  a  standard  treatment  plan,  which 
s  ihe  choice  of  either  a  reduced  probability  of  tumor  control 
)r  an  increased  risk  of  late  complications  (4,  5).  Hypofrac- 
lonated.  partial  breast  irradiation  (PBI)  is  actively  being 
nvesiigated  by  the  use  of  several  distinct  techniques.  Evi- 
lence  is  rapidly  accumulating  on  the  feasibility  of  perform- 
ng  PBI,  as  well  as  the  need  for  careful  patient  selection  and 
ippropnaie  techniques  to  encompass  the  target  volume  ad- 
-auaiely  (15). 

vlthough  many  PBI  protocols  are  currently  being  used, 
eiativelv  few  data  have  been  reported  to  justify  the  chosen 
;cnedules  bv  predicting  the  biologic  effects  associated  with 
he  use  of  large-dose  fractions  delivered  within  a  short 
period.  Because  it  is  possible  to  compare  the  anticipated 
riologic  effects  in  terms  of  tumor  control  and  normal  tissue 
factions  bv  estimating  a  “biologic  dose”  through  appropri¬ 
ate  computations  of  biologically  effective  dose  (BED)  val- 
ies.  we  report  such  calculations  to  compare  the  different 
*BI  regimens  with  three  commonly  used  protocols  for 
vnole  breast  RT. 

METHODS  AND  MATERIALS 

ireast  RT  urotocols  used  in  analysis 
Standard  fractionation  studies.  The  fractionation  regi- 
nen  usea  for  the  RT  component  of  breast  conservation 
reatment  has  varied.  The  NSABP  trials  of  breast  oreserva- 
lon  (16,  17),  as  well  as  the  standard  ami  of  the  recent 
anaomized  Canadian  trial  studving  whole  breast  hypofrac- 
lonation  (18),  used  50  Gy  in  25  fractions  within  5  weeks 
Standard^).  An  alternative  standard  regimen  is  46  Gy  to 
he  whole  breast  followed  bv  an  electron  boost  of  14  Gy  to 
he  tumor  bed  (Standard^),  a  commonly  used  approach  in 
he  United  States  (19,  20). 

n  addition,  the  European  Organization  for  Research  and 
'  reatment  of  Cancer  has  assessed  the  role  of  a  boost  to  the 
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tumor  excision  site  (21-23).  In  this  trial,  the  entire  breast 
was  irradiated  with  50  Gy  in  25  fractions  followed  by  either 
no  additional  treatment  or  16  Gy  in  8  fractions  (electron 
therapy  or  implantation)  to  a  total  dose  of  66  Gy  (Stan¬ 
dard^).  At  5  years  of  follow-up,  the  use  of  the  boost 
significantly  reduced  the  local  failure  rate  to  4.3%  for  pa¬ 
tients  randomized  to  receive  the  boost  compared  with  7.3% 
for  those  given  whole  breast  treatment.  These  results  sug¬ 
gest  that  irradiating  the  tumor  bed  with  66  Gy  further 
reduces  the  local  recurrence  rate  in  breast  conserving  ther¬ 
apy.  The  main  benefit  was  derived  by  patients  <40  years, 
who  demonstrated  a  46%  reduction  in  the  rate  of  local 
recurrence  at  5  years  with  the  RT  boost. 

PBI  studies.  A  variety  of  PBI  protocols  have  been  devel¬ 
oped  with  the  intent  of  treating  the  original  tumor  bed  with 
margins;  these  are  summarized  in  Tables  1,  2,  and  3.  PBI  is 
based  on  the  rationale  that  if  much  of  the  breast  receives  a 
very  limited  dose,  it  may  be  possible  to  treat  with  larger 
fraction  sizes  and  maintain  a  low  risk  of  late  effects.  A 
variety  of  treatment  approaches  have  been  used,  including 
interstitial  brachytherapy,  MammoSite  balloon  brachyther- 
apy,  and  external  beam  RT  (EBRT)  using  three- dimensional 
conformal  RT,  intensity-modulated  RT,  or  intraoperative 
electron  beam  RT  (IORT).  The  design,  treatment,  and  re¬ 
sults  of  a  series  of  brachytherapy  PBI  trials  using  both 
high- dose -rate  and  low-dose-rate  brachytherapy  included  in 
the  BED  analysis  are  described  in  Table  1.  With  the  exclu¬ 
sion  of  the  Guy’s  Hospital  study,  which  accepted  patients 
with  large  tumors  and  positive  margins,  these  series  showed 
good  local  control  rates  of  0-16%,  even  if  often  reported 
with  <5  years  of  follow-up.  The  European  Institute  of 
Oncology  at  the  University  of  Milan,  Italy  has  investigated 
IORT.  They  delivered  electron  beams  of  3,  5,  7,  or  9  MeV. 
Patients  either  received  an  IORT  dose  of  10-15  Gy  after 
initial  quadrantectomy  with  1-2-cm  clear  margins,  as  an 
anticipated  boost  to  EBRT,  or  an  IORT  dose  of  17-21  Gy  to 
the  cavity  as  the  only  treatment  (24). 

An  EBRT  approach  to  PBI  was  first  used  at  Christie 
Hospital.  They  compared  EBRT  PBI  with  whole  breast  RT 
for  patients  with  tumors  <4  cm  in  size.  This  study  demon¬ 
strated  a  greater  incidence  of  recurrence  among  infiltrating 
obular  histologic  type  tumors,  34%  for  PBI  vs.  8%  for 
vnole  breast  RT  (25),  possibly  reflecting  the  different  nat- 
lrai  biologic  course  between  the  two  histologic  types.  Two 
different  approaches  of  EBRT  PBI  have  been  reported  from 
William  Beaumont  Hospital  and  New  York  University.  The 
EBRT  series  are  summarized  in  Table  2.  Formenti  et  al. 
(26)  pilot  tested  a  Phase  I  feasibility  study  of  hypofraction¬ 
ated  conformal  EBRT  to  the  tumor  bed  (30  Gy  in  five 
fractions  within  10  days)  in  a  small  series  of  selected 
postmenopausal  women  with  T1  breast  cancer,  using  im¬ 
mobilization  in  the  prone  position  on  a  dedicated  breast 
board  (27).  A  Phase  I-II  study  is  currently  ongoing  at  New 
York  University.  All  patients  completed  treatment  with  only 
mild  acute  toxicity  (28).  Baglan  et  al.  (29)  also  piloted  an 
accelerated  PBI  protocol  in  patients  with  early-stage  breast 
cancer.  Three-dimensional  conformal  RT  was  used  to  treat 
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Accelerated  Dartial  breast  irradiation  brachytherapy  (HDR  and  LDR)  and  IORT  studies 

Jeries 

’atients 

(n) 

Age 

(y) 

Tumor 
size  (cm) 

N  stage 

EIC 

Margin 

status 

Dose 

fractionation 

Vledian 

follow-up 

(mo) 

CTV 

margin 

(cm) 

"-y 

Ipsilateral 
recurrence 
rate  (%) 

tuv’s  Hospital  Trial 

14,  71) 

27 

<70 

<4 

NO 

Positive 

Positive 

HDR  55  Gy/5  d 

72 

2 

37 

)chsner  Clinic  (72) 

50 

All 

Tis  and 

4 

N1 

Positive 

Negative 

LDR  45  Gy/4  d 

IDR  4  Gy  X  8 

75 

2-3 

2 

Villiam  Beaumont 
lospital  (13,  15,  73) 

199 

>40 

<3 

NO 

Negative 

Negative 

LDR  50  Gy/4  d 

IDR  4  Gy  X 

1.  3.4  Gy  X 
o 

65 

1-2 

1 

.ondon  Regional 
dancer  Centre, 

£  Canada  (74,  75) 

39 

All 

<5 

NO 

Positive 

Positive 

HDR  3.72  Gy 
in  10  Fx 
b.i.d. 

91 

0 

16.2 

*  RTOG  95-17  (12) 

100 

All 

<3 

N1 

Excluded 

Negative 

HDR  3.4  Gy  X 

0  b.i.d. 

DR  45  Gy/4  d 

32 

2 

Virginia  Commonwealth 
Jniversitv  (76) 

44 

All 

<4 

N1 

Excluded 

Negative 

LDR  45  Gy/4  d 

IDR  3.4  Gy  X 

0  b.i.d. 

42 

1-2 

0 

vtammosite  Multicenter 
■’rial  (77,  78) 

43 

>45 

<2 

NO 

Excluded 

Negative 

HDR  3.4  Gy  X 

10  b.i.d. 

21 

>1 

— 

National  Institute  of 
)ncology,  Hungary 

79) 

Phase 

I  II,  45 

’hase 

II.  63 

All 

<2 

NO 

Excluded 

Negative 

Ph  I  II,  HDR 

4.33  Gy  X  7, 

5.2  Gy  X  7; 
Phase  III.  HDR 

5.2  Gy  X  7 

Phase  I  II, 

57 

Phase  III,  30 

1-2 

Phase  I -II, 
4.4 

Phase  III,  0 

iuronean  Institute  of 
Incology  (24) 

101 

All 

<2.5 

Excluded 

Negative 

IORT  electron 
beam  therapy 
0-21  Gy 

8 

0 

abbreviations :  HDR  =  high  dose  rate;  LDR  =  low  dose  rate;  IORT  =  intraoperative  radiotherapy;  EIC  =  extensive  intraductal  component;  CTV  =  clinical  target  volume;  b.i.d.  =  twice 
laily. 


Ipsilateral 

breast 

Tumor  Median  Tumor  bed  recurrence 

Patients  Age  size  N  Dose  follow-up  Field  definition  Margin  rate 

Series  (ri)  (y)  (cm)  stage  EIC  fractionation  (mo)  Technique  arrangement  (CTV)  (cm)  (%) 
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the  lumpectomy  cavity,  plus  a  1.5-cm  margin.  Their  tech¬ 
nique  used  an  active  breathing  control  method  to  account 
for  breast  movement  related  to  respiratory  excursion.  More 
recently,  Chen  et  al  (30)  and  Vicini  et  al  (31)  published  an 
update  of  their  PBI  experience  using  three-dimensional  con¬ 
formal  RT.  A  dosimetric  comparison  of  the  William  Beau¬ 
mont  and  New  York  University  EBRT  PBI  techniques  is 
shown  in  Table  3. 

Calculation  of  BED s 

The  linear-quadratic  model  (32)  was  used  to  determine 
whether  a  partial  breast  RT  protocol  should  result  in  a 
roughly  equal  probability  of  tumor  control  compared  with  a 
standard  schedule,  but  without  increasing  the  potential  for 
normal  tissue  damage.  The  BED  equation  used  for  these 
calculations  was 


l  d 

BED  =nd  1  + - 

\ 

where  n  is  the  number  of  fractions,  d  is  the  dose  per  fraction, 
and  a//3  is  a  tissue-  and  effect- specific  parameter  associated 
with  the  linear-quadratic  model  (33-35). 

A  modification  to  this  BED  equation  was  also  used  to 
take  into  account  the  cellular  proliferation  that  may  take 
place  during  treatment: 
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BED  =  nd 


d 

1  + 

"  (ln2)T  " 

a/|3 

a  (Tpot) 

where  Tpot  is  the  potential  doubling  time  and  T  is  the 
treatment  time  during  which  cellular  proliferation  occurs 
after  any  initial  lag  period  (33,  36-38). 

Because  an  interfraction  interval  of  at  least  6  h  was  used 
for  all  the  twice-daily  high-dose-rate  and  EBRT  treatments, 
it  was  likely  that  full  repair  of  sublethal  damage  between 
fractions  was  permitted.  It  was,  therefore,  not  necessary  to 
include  an  incomplete  repair  factor  in  the  equation  used  to 
calculate  BEDs  for  these  protocols. 

The  equation  used  to  calculate  the  BEDs  for  the  low- 
dose-rate  treatments  was 


BED  =  RT 


1  + 


2R 

ri«/p) 


1-e »T~\] 

m-t  Jj 


where  R  is  the  dose  rate,  T  is  the  length  of  the  irradiation, 
and  /x  is  the  repair  rate  constant,  which  was  equal  to  ln2/t1/2 , 
with  t1/2  the  tissue  repair  half-time  (39,  40). 


RESULTS 


BED  values 

Biologically  effective  dose  calculations  were  performed  for 
the  three  chosen  standard  whole  breast  EBRT  protocols  and  12 
different  hvpofractionated  PBI  regimens  delivered  by  EBRT, 
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’  able  3.  Dosimetric  corrmarison  of  EBRT  partial  breast  techniques 


Dsilateral  breast  coverage 


Jeries 

PTV  (cm3) 

TV/TBV* * 

(%) 

100% 

75% 

50% 

25% 

Lung  dose1 
(%) 

Cardiac  dose* 
(%) 

4YU  f26) 

\ledian 

192 

22 

27 

40 

46 

53 

0 

0 

vange 

57-118 

10-55 

10^5 

20-68 

23-75 

27-82 

0 

0 

VBH  130,  31) 

Vledian 

240 

17 

21 

35 

46 

60 

16 

0* 

vange 

82-182 

11-22 

14-39 

26-53 

34-60 

39-92 

0-37 

0-7 

'abbreviations  as  in  Tables  1  and  2. 

Planning  target  volume/total  breast  volume. 

Percentage  of  lung  volume  that  received  5  Gy. 

Percentage  of  cardiac  volume  that  received  5  Gy  (NYU)  or  10  Gy  (WBH). 


ligh-dose-rate,  and  low-dose-rate  techniques.  The  BEDs  com¬ 
muted  are  listed  in  Tables  4  and  5  and  shown  in  Fig.  1. 

1  he  selection  of  the  a/B  value  used  for  these  calcula¬ 
tors  was  based  on  those  renorted  in  previous  studies  for 
he  late  effects  of  fibrosis  and  telangiectasia,  in  addition 
o  the  acute  radiation  reactions  of  ervthema  and  desqua- 
nanon:  these  values  were  2,  4,  8,  and  1 1  Gy,  respectively 
37,  41,  42).  The  tumor  control  BED  values  were  deter  - 
mned  using  an  a/p  value  of  either  4  Gy,  which  has  been 


suggested  for  breast  carcinoma  (43-46),  or  10  Gy,  which 
is  the  approximate  value  used  for  most  tumors  (46,  47). 
In  addition,  the  BEDs  were  calculated  for  the  low-dose- 
rate  treatments  assuming  repair  half  times  of  0.5,  1,  2,  or 
3  h.  The  repair  kinetics  for  the  tissues  associated  with 
acute  and  late  responses,  as  well  as  breast  carcinoma 
cells,  are  likely  to  fall  within  this  range  (48).  As  for  the 
specific  repair  half-time  appropriate  for  each  effect,  ev¬ 
idence  has  been  obtained  that  sublethal  damage  repair 


’  able  4.  EBRT  and  HDR  brachvtherapy  BED  values* 


”umor  control/ 


nstitution  Ireference) 

’rotocol 

schedule 

Fibrosis 
(aip  =  2  Gy) 

Telangiectasia 
(a/p  =  4  Gy) 

Erythema 
(a/p  =  8  Gy) 

Tumor  control 
(a/p  =  10  Gy) 

Desquamation 
(a/p  =  11  Gy) 

Jtandard^0  (16-18) 

2  Gy  X  25 

100 

75 

63 

60 

59 

Jtandard^0  (19,  20) 

2  Gy  X  30 

120 

90 

75 

72 

71 

Jtandard66  (21-23) 

2  Gy  X  33 

132 

99 

83 

79 

78 

ondon  Regional  Cancer 
"enter  174,  75) 

3.72  Gy  X  10 

106 

72 

54 

51 

50 

)chsner  Clinic  172),  William 
Seaumont  Hosoital  (13, 

5) 

National  Institute  of 

4  Gy  X  8 

96 

64 

48 

45 

44 

5.2  Gy  X  7 

131 

84 

60 

55 

54 

)ncology,  Budapest, 
lung  ary  (79) 

4.33  Gy  X  7 

96 

63 

47 

43 

42 

Villi  am  Beaumont  Hosoital 
31) 

3.85  Gy  X  10 

113 

76 

57 

53 

52 

"hristie  Hosoital  (25,  80) 

5  Gy  X  8 

140 

90 

65 

60 

58 

Niew  York  Universitv  (26, 

■8) 

6  Gy  X  5 

120 

75 

53 

48 

46 

vTOG  95-17  112), 

Vlammosite  Multicenter 
’  rial  177),  Virginia 
"ommonwealth  University 
76),  William  Beaumont 
lospital  (15) 

3.4  Gy  X  10 

92 

63 

48 

46 

45 

mrooean  Institute  of 

21  Gy  X  lf 

241 

131 

76 

65 

61 

Oncology  (24,  81) 


abbreviations :  BED  =  biologically  effective  dose;  Standard50  =  whole  breast  to  50  Gy  in  25  fractions;  Standard60  =  whole  breast  to 
■6  Gv  in  23  fractions  plus  14  Gy  in  7  fractions  to  tumor  bed  (total  60  Gy);  Standard66  =  whole  breast  to  50  Gy  in  25  fractions  plus  16  Gy 
n  8  fractions  to  tumor  bed  f total,  66  Gy);  RTOG  =  Radiation  Therapy  Oncology  Group;  other  abbreviations  as  in  Tables  1  and  2. 

K  BED  values  given  in  Gray. 

*  "Hie  formula  used  to  calculate  BED  may  not  yield  an  accurate  value  for  a  single  fraction  treatment. 


398 


I.  J.  Radiation  Oncology  •  Biology  •  Physics 


Volume  60,  Number  5,  2004 


‘able  5.  LDR  brachvtherapy  BED  values 


Series 

veDair  half¬ 
time  (h) 

Fibrosis 
(a/p  =  2  Gy) 

”umor  control/ 
telangiectasia 
(a/p  =  4  Gy) 

Erythema 
(a/p  =  8  Gy) 

Tumor  control 
(a/p  =  10  Gy) 

Desquamation 
(a/p  =  1 1  Gy) 

)chsner  Clinic  (72) 

'5  Gy  in  4  d 

).5 

60 

53 

49 

48 

48 

76 

60 

53 

51 

51 

104 

75 

60 

57 

56 

133 

89 

67 

63 

61 

ruv’s  Hospital  (14, 
n  55  Gy  in  5  d 

).5 

73 

64 

60 

59 

58 

91 

73 

64 

62 

62 

127 

91 

73 

69 

68 

161 

108 

81 

76 

74 

VBH  (13)  50  Gy 
n  4  d 

).5 

69 

59 

55 

54 

53 

87 

68 

59 

57 

57 

123 

86 

68 

65 

63 

157 

103 

77 

71 

69 

abbreviations :  BED  =  biologically  effective  dose;  other  abbreviations  as  in  Table  2. 


ares  are  often  slower  for  late-responding  normal  tissues 
•omnarea  with  either  early-responding  normal  tissues  or 
umors  (48,  49),  although  in  some  instances,  this  gener- 
uization  mav  not  be  correct  (50-52). 

I  ED  calculations  taking  into  account  tumor  repopulation 
t  should  be  noted  that  all  the  PBI  treatments  were 
icceierated  schedules,  because  the  total  dose  was  deliv¬ 
ered  in  less  time  than  with  the  standard  whole  breast 
protocols.  Therefore,  relatively  little  cellular  prolifera- 
lon  is  likelv  to  occur  during  the  course  of  these  treat- 
nenis  comnared  with  the  standard  protocols,  in  which  it 
s  nrobable  that  more  extensive  repopulation  will  take 
jiace,  thereby  both  decreasing  the  chances  for  tumor 
•onirol  and  reducing  the  severity  of  acute  radiation  re- 
monses.  i  he  lack  of  tumor  repopulation  represents  a 
roiential  advantage  to  the  use  of  an  accelerated  partial 
ireast  nrotocol  compared  with  a  standard  treatment,  and 
he  BEDs  were  also  calculated  assuming  cell  repopula- 
lon  during  treatment.  To  accomplish  this,  it  was  neces- 
:arv  io  select  values  for  a,  the  initial  slope  of  the  cell 
survival  curve,  as  well  as  for  Tnot  and  T.  For  the  purpose 
)f  these  calculations,  values  of  0.3  for  a  (43,  44),  13  days 
or  T?ot  (53,  54),  and  a  time  lag  of  14  days  were  used, 
lowever.  it  must  be  stressed  that  the  actual  values  for 
mv  given  padent  may  differ  significantly.  This  correction 
or  cell  nroliferation  causes  the  tumor  and  acute  response 
standard  treatment  BED  values  to  decrease  bv  approxi- 
naielv  3-5  Gy.  No  change  would  be  expected  in  the 
ibrosis  or  telangiectasia  BEDs,  because  compensatory 
proliferation  would  not  be  expected  to  begin  until  after 
reatment  was  comnlete.  In  addition,  no  correction  was 
naae  to  anv  of  the  PBI  schedules,  because  all  these 


treatments  are  accomplished  within  a  period  that  is 
shorter  than  the  lag  period  even  in  the  tumor  and  acutely 
responding  normal  tissues.  Taking  possible  tumor  growth 
during  treatment  into  consideration  results  in  a  closer 
uignment  of  BED  values  between  the  PBI  and  standard 
jcnedules.  If  cell  proliferation  is  considered,  this  also 
diminishes  the  BEDs  of  the  early  responses  for  the  stan¬ 
dard  schedules  compared  with  the  accelerated  PBI  sched¬ 
ules.  However,  it  would  still  be  anticipated,  based  on  the 
computed  BEDs  and  only  a  portion  of  the  breast  being 
Irradiated,  that  the  severity  of  the  early  responses  would 
remain  lower  for  the  PBI  treatments  compared  with  the 
standard  protocols. 

DISCUSSION 

The  current  work  compared  BED  values  at  the  tumor 
bed/boost  area  for  the  PBI  regimens  vs.  those  from  stan¬ 
dard  whole  breast  RT  protocols.  The  tumor  control  BED 
values  computed  for  the  PBI  protocols  were  uniformly 
lower  than  the  BEDs  for  any  of  the  standard  schedules 
when  these  calculations  were  performed  using  an  a/fi  of 
10  Gy,  considered  typical  of  most  tumors  (46,  47).  In 
contrast  to  this  generalization,  evidence  exists  from  in 
vitro  studies  that  breast  carcinoma  cell  lines  display  an 
a/p  value  of  about  4  Gy  (43-46).  Use  of  this  a//3,  with 
correction  for  cellular  proliferation,  yielded  BED  values 
for  the  PBI  treatments  that  were  generally  comparable  to 
the  BED  obtained  for  Standard50.  However,  when  com¬ 
pared  with  either  Standard60,  a  fractionation  regimen 
commonly  used  in  the  United  States,  or  Standard66,  the 
BED  values  were  nearly  all  lower  for  the  PBI  treatments. 
This  is  of  significance  because  of  available  evidence 
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N hole  Breast  EBRT  PBI 

b) 


Brachvtherapy  PBI 


ig.  1.  Histograms  demonstrating  biologically  effective  dose  (BED)  values  for  partial  breast  irradiation  (PBI),  external 
~>eam  radiotherapy  (EBRT),  and  brachytherapy  protocols  compared  with  standard  whole  breast  protocols  for  tumor 
-ontrol.  acute  effects,  and  late  effects.  BED  values  for  PBI  protocols  for  tumor  control  with  (a)  a//3  of  4  Gy  and  (b)  a//3 
if  10.  BEDs  for  PBI  protocols  for  (c)  acute  effects  (erythema,  a/jS  of  8  Gy)  and  (d)  late  effects  (fibrosis,  a//3  =  2  Gy), 
iame  fractionation  used  in  Mammosite  Multicenter  Trial,  Virginia  Commonwealth  University  and  William  Beaumont 
lospital. 


mowing  a  dose-response  effect  at  the  boost  site,  as 
lemonstrated  bv  the  finding  that  the  Standard^  treatment 
'esuited  in  a  decreased  incidence  of  tumor  recurrence 
•omoarea  with  the  Standard50  (22). 

t  is  important  to  note,  however,  that  a  basic  assump- 
lon  often  made  in  the  use  of  BED  values  to  predict  a 
particular  level  of  tumor  control  or  normal  tissue  damage 
s  that  the  probability  of  tumor  control  or  the  develop- 
nent  of  a  normal  tissue  radiation  effect  is  linearlv  pro¬ 


portional  to  the  BED.  This  may  be  correct  for  certain 
doses,  but  it  is  not  true  across  an  entire  dose  range  (55). 
That  is,  the  tumor  control  probability  may  already  be 
sufficiently  high,  so  that  it  is  in  a  “plateau”  region  where 
relatively  little  benefit  would  be  expected  with  increasing 
dose.  Similarly,  the  normal  tissue  effect  curve  may  be  at 
a  level  below  a  threshold  for  a  particular  radiation  re¬ 
sponse  so  that  increasing  the  BED  would  still  have  no 
impact,  as  long  as  the  threshold  were  not  exceeded. 


Whole  Breast  EBRT  PBI  Brachvtherapy  PBI 

c) 


Whole  Breast  EBRT  PBI  Brachvtherapy  PBI 

d) 


ig.  1  ( Continued ). 


lowever.  the  evidence  from  the  European  Organization 
'or  Research  and  Treatment  of  Cancer  boost  trial  (22) 
;uggests  that  the  doses  tested  by  the  PBI  trials  were  less 
tian  this  theoretical  plateau. 

\lso.  the  use  of  relatively  large  doses  per  fraction  in 
JBI  protocols  presents  specific  radiobiologic  concerns 
because  of  a  possible  reduction  in  reoxygenation  and 
eassonment  (56).  This  is  particularly  relevant  to  the  case 
if  IORT  in  which  only  one  fraction  is  delivered  at  a  high 
lose  rate.  It  is  well  known  that  because  solid  tumors 
iften  outgrow  their  neovasculature,  viable  cells  may  be 


present  that  exist  in  a  relatively  low  oxygen  concentra¬ 
tion  (57,  58).  This  radioresistance  of  hypoxic  tumor  cells 
is  usually  overcome  through  the  delivery  of  a  treatment 
dose  in  a  series  of  fractions  during  a  period  of  weeks, 
enabling  hypoxic  cells  to  reoxygenate  and  regain  a  nor¬ 
mal  level  of  radiosensitivity  (59,  60). 

Another  concern  regarding  the  use  of  a  single  fraction  is  the 
inability  of  cells  to  reassort  through  the  cell  cycle.  Cells  in 
more  radioresistant  phases  of  the  cell  cycle,  such  as  the  S 
phase,  tend  to  exhibit  a  greater  level  of  survival  compar  ed  with 
cells  in  more  radiosensitive  phases,  such  as  G2  or  mitosis  (61). 
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n  a  standard  fractionation  protocol,  the  surviving  cells  con- 
mue  orogression  in  the  cell  cycle  so  that  at  the  next  RT 
session,  ihe  cells  may  be  located  in  a  more  radiosensitive  phase 
ilia,  therefore,  be  killed.  Normally,  this  sensitization  associated 
vuh  fractionation  is  beneficial,  because  tumor  cells  are  gener- 
ulv  more  actively  progressing  through  the  cell  cycle  compared 
vuh  cells  that  comprise  late-responding  tissues. 

v  more  generalized  problem  affecting  all  PBI  tech- 
naues  is  that  a  significant  volume  of  normal  breast  tissue 
eceives  a  reiativelv  low,  but  potentially  carcinogenic, 
aaiation  dose,  thereby  possibly  increasing  the  probabil- 
iv  of  secondary  malignancies  (62).  Although  the  avail- 
iole  data  suggest  that  the  cancer  risk  remains  elevated 
icross  a  large  dose  range  (63),  it  may  also  be  possible 
hat  the  reiativelv  high  doses  associated  with  whole 
breast  RT  carrv  a  low  risk  of  inducing  a  new  tumor, 
because  a  dose  of  40-50  Gv  may  primarily  cause  cellular 
ethalitv  rather  than  neoplastic  transformation.  In  con- 
rast.  for  all  of  the  PBI  techniques,  a  substantial  portion 
n  the  breast  receives  a  comparatively  low  noncytocidal 
lose.  Potentiallv,  PBI  should  be  limited  to  an  older 
copulation  of  women  who  would  have  a  lower  risk  of 
leveloping  secondary  malignancies. 

because  the  therapeutic  ratio  for  postsegmental  mas- 
ectomv  is  a  balance  between  local  control  and  an  ac¬ 
ceptable  risk  of  late  effects,  even  after  successful  mod- 
uing  of  tumor/normal  tissue  effects,  the  central  issue  of 
iptimal  patient  selection  remains  unsolved.  Ideally,  only 
hose  patients  who  carry  a  risk  of  recurrence/ new  primary 
n  the  breast  tissue  outside  the  target  of  PBI  that  is 
expected  to  be  roughly  equal  to  that  of  the  contralateral, 
conventionally  nonirradiated  breast,  should  be  offered 
his  alternative  treatment  approach.  The  available  data 
:uggest  that  these  women  are  likely  to  be  postmenopausal 
earners  of  hormonallv  sensitive,  mammographically  de¬ 
leted  breast  cancers.  Noticeablv,  these  women  are  also 
ikelv  to  undergo  systemic  antihormonal  treatment  to 
eauce  their  bilateral  breast  cancer  risk.  Because  of  the 
ligh  cure  rate  these  women  are  likely  to  enjoy  after 
aandard  treatment,  it  is  very  important  to  study  PBI 
igorousiy,  especially  in  regard  to  its  risk  of  long-term 
ceaueiae  and  second  malignancies  (17). 

or  most  of  the  published  brachytherapy  protocols  with 
ong  follow-up,  the  total  breast  dose-volume  histogram  data 
lave  not  been  reported.  Therefore,  in  the  absence  of  this 
nformation.  it  is  not  possible  to  compute  BED  values  that 
ake  into  account  partial  breast  volumes  (64,  65).  It  is  hoped 
hat  future  publications  will  contain  this  information  so  that 
i  will  be  possible  to  compute  integrated  BEDs  (66)  for 
egions  outside  of  the  target  volume  representing  normal 
ireast  tissue. 

n  addition,  the  follow-up  for  both  the  brachytherapy 
ma  EBRT  techniaues  is  too  short  for  adequate  assess- 
nent  of  long-term  toxicity  and  fibrosis.  As  demonstrated 
n  a  series  from  the  M.  D.  Anderson  Cancer  Center,  the 
ength  of  time  to  the  expression  of  90%  of  the  ultimate 


frequency  of  fibrosis  and  telangiectasia  was  4.7  years 
(95%  confidence  interval,  4.0-4. 8)  (4).  For  all  the  PBI 
regimens,  careful  follow-up  and  analysis  of  patients  for 
late  effects  will  help  ascertain  whether  increased  late 
effects  will  be  seen  in  patients  treated  with  hypofraction- 
ated  protocols. 

As  a  final  note,  increasing  interest  has  focused  on  the  role 
that  genetic  factors  may  play  in  radiosensitivity.  Evidence  is 
mounting  that  genetic  alterations  present  in  certain  genes 
associated  with  radiation  responses,  such  as  ATM  (67,  68), 
TGF-1 3  (69),  SOD,  XRCC1,  and  XRCC3  (70),  may  play  an 
important  role  rendering  some  patients  radiosensitive.  If 
true,  it  is  possible  that  the  patients  with  these  genetic  alter¬ 
ations  may  represent  essentially  a  radiosensitive  subpopu¬ 
lation,  possibly  comprising  5-10%  of  women  who  develop 
breast  cancer.  These  women  may  be  the  most  likely  candi¬ 
dates  to  develop  radiation  responses  such  as  fibrosis,  telan¬ 
giectasia,  or  chronic  skin  changes  after  RT  completion.  If  it 
were  feasible  to  identify  these  patients  prospectively  before 
the  start  of  RT,  they  could  be  spared  the  risk  of  late  radiation 
effects  that  may  be  associated  with  PBI  treatment.  Although 
this  is  not  currently  practical,  with  the  advances  being  made 
in  DNA  sequencing,  the  time  may  not  be  far  off  when  many 
breast  cancer  patients  will  arrive  at  their  initial  consultation 
with  a  radiation  oncologist,  armed  with  the  DNA  sequence 
of  their  entire  genome.  With  this  information,  and  the 
knowledge  as  to  the  important  genetic  alterations  associated 
with  radiosensitivity,  the  radiation  oncologist  may  then  be 
able  to  tailor  the  RT  so  that  it  is  appropriate  for  each  patient 
and  thus  to  increase  the  probability  of  tumor  control  and 
diminish  the  risk  of  normal  tissue  late  effects. 

CONCLUSION 

The  PBI  protocols  that  have  been  developed,  and  are 
currently  being  tested  in  clinical  trials,  yield  BED  values 
that  are  generally  comparable  to  the  Standard50  schedule, 
corrected  for  tumor  renopulation  during  treatment.  How¬ 
ever,  the  PBI  BEDs  are  consistently  lower  than  the  BEDs 
for  either  the  Standard60  or  Standard66.  Therefore,  it  may 
be  anticipated  that  the  tumor  control  rates,  at  least  in  the 
field  receiving  the  full  treatment  dose,  may  be  lower  for 
the  PBI  regimens  compared  with  standard  whole  breast 
RT  using  an  additional  boost  dose  to  the  tumor  bed. 
Finding  the  balance  between  adequate  imaging  and  irra¬ 
diation  of  the  target  and  limiting  the  breast  volume  re¬ 
ceiving  the  full  treatment  dose  to  avoid  an  increased 
probability  of  late  radiation  sequelae,  together  with  cor¬ 
rect  selection  of  patients  at  low  risk  of  recurrences  out¬ 
side  the  target  volume,  underlie  the  successful  outcome 
of  PBI  trials.  An  additional  concern  associated  with  the 
use  of  PBI  is  the  unknown  risk  of  second  malignancies  in 
the  remaining  breast  tissue,  outside  the  PBI  volume.  For 
all  these  reasons,  and  because  equivalence  to  standard 
protocols  for  both  efficacy  and  morbidity  has  yet  to  be 
proved,  PBI  protocols  remain  investigational. 
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\lthouqh  most  studies  treating  patients  with  partial-breast  irradiation  have  used  brachy- 
heraoy,  giving  such  treatment  with  external-beam  techniques  has  many  potential  advan- 
aaes.  However,  there  is  only  limited  published  experience  using  this  approach.  These 
nciude  a  randomized  trial  of  oartial-breast  and  whole-breast  irradiation  performed  at  the 
'hristie  Hospital  in  Manchester,  England,  and  pilot  studies  (using  much  more  rigorous 
■election  criteria  and  soohisticated  treatment  planning)  from  groups  at  the  University  of 
'outhern  California.  New  York  University  (using  prone  positioning  of  patients),  and  the 
A/illiam  Beaumont  Hosoital  (using  the  supine  position).  A  multi-institutional  pilot  trial  based 
in  the  latter  techniaue  has  been  completed,  which  was  designed  to  test  the  feasibility  of 
isina  this  approach  in  the  cooperative  oncology  group  setting.  The  unprecedented  rapidity 
vith  which  the  studv  completed  its  target  accrual  indicates  the  degree  of  interest  in  this 
mproacn.  This  review  focuses  on  the  rationale  and  the  reported  studies  of  external-beam 
Dartial-breast  radiation  and  identifies  some  specific  issues  and  remaining  problems  asso¬ 
ciated  with  this  approach. 
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Although  most  studies  treating  patients  with  partial -breast 
irradiation  (PBI)  have  used  brachy therapy,  in  theory  an 
"Xiemai-beam  anproach  to  PBI  (EB-PBI)  has  many  potential 
advantages.  First,  it  easily  allows  treatment  to  be  given  after 
umnectomy  when  complete  pathological  information  about 
tie  original  tumor  and  the  status  of  the  resection  margins  are 
Available,  without  subjecting  the  patient  to  a  second  invasive 
urgicai  procedure  or  anesthesia.  Second,  it  is  likely  that  EB- 
JBI  will  be  easier  for  radiation  oncologists  and  cooperative 
mcoiogy  groups  to  adopt  than  brachytherapy  approaches 
because  the  technical  demands  and  duality  assurance  issues 
ire  mucn  simoler.  Third,  treatment  results  with  EB-PBI  may 
3e  more  uniform  between  radiation  oncologists  because  the 
outcome  deDends  less  on  the  experience  and  operative  skills 
n  the  nerson  performing  the  procedure  than  does  brachy- 
herany  (especially  using  interstitial  implantation).  Fourth,  it 
:eems  less  likelv  that  technical  issues  arising  during  EB-PBI 
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will  require  the  procedure  to  be  aborted,  as  is  not  infre¬ 
quently  the  case  when  brachytherapy  techniques  are  used. 
Fifth,  EB-PBI  is  intrinsically  likely  to  generate  better  dose 
homogeneity  and  thus  possibly  may  result  in  a  better  cos¬ 
metic  outcome  when  compared  with  brachytherapy.  Finally, 
EB-PBI  may  be  considerably  cheaper  than  brachytherapy 
techniques,  especially  if  an  extra  surgical  procedure  and 
(for  low-dose  rate  brachytherapy)  hospitalization  are 
needed.1,2 

Despite  these  theoretical  advantages,  there  has  been  very 
little  study  of  EB-PBI.  This  may  be  because  of  the  difficulty  of 
adequately  locating  the  excision  cavity  and  planning  multi- 
field  photon  treatment  plans  in  the  era  before  computed  to¬ 
mography  (CT)-based  simulation.  At  present,  there  are  only  a 
few  published  experiences  using  EB-PBI.  These  include  a 
randomized  trial  comparing  partial-breast  and  whole-breast 
irradiation  performed  in  England3,45  and  pilot  studies  (using 
nucn  more  rigorous  selection  criteria  and  sophisticated 
reatment  planning)  from  groups  at  the  University  of  South¬ 
ern  California  and  New  York  University6-8  (using  prone  po¬ 
sitioning  of  patients)  and  the  William  Beaumont  Hospital 
(using  the  supine  position).9,10  A  multi-institutional  pilot 
trial  based  on  the  latter  technique  was  recently  conducted  by 
trie  Radiation  Therapy  Oncology  Group  (RTOG  0319)  under 
the  direction  of  Dr  Frank  Vicini  to  test  the  feasibility  of  using 
riris  approach  in  the  cooperative  oncology  group  setting,  and 
the  study  rapidly  completed  its  target  accrual. 

This  review  therefore  focuses  on  the  techniques  and  re¬ 
ported  outcome  of  reported  studies  of  EB-PBI.  I  will  also 
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dentifv  some  specific  issues  and  problems  associated  with 
his  approach. 

\  Phase  III  Trial  of  External-Beam  Partial- 
breast  Irradiation  (EB-PBI) 

)nlv  1  prospective  randomized  trial  has  been  performed  to 
omoare  the  efficacy  of  EB-PBI  to  whole-breast  radiotherapy, 
his  trial  was  conducted  at  the  Christie  Hospital,  Manches- 
er.  United  Kingdom.3-5  Seven  hundred  eight  patients  with 
umors  4  cm  or  smaller  of  infiltrating  ductal  or  lobular  his- 
ology  were  randomized  after  segmental  mastectomy  to  un- 
tergo  radiation  to  a  small  breast  field,  including  the  tumor 
3ed  fthe  limited  field  [LF]  arm)  or  to  the  whole  breast  and 
'egionai  nodes  (the  wide  field  [WF]  arm).  The  2  arms  differed 
n  held  size,  treatment  modality,  and  dose  fractionation.  For 
he  LF  arm.  the  dose  given  was  40  to  42.5  Gy  in  8  fractions 
xelivered  over  10  da  vs,  using  8  to  14  MeV  electrons  (pre- 
:cnbed  to  the  100%  isodose  line)  with  an  average  field  size  of 
]  X  6  cm.  For  the  WF  arm.  the  dose  was  40  Gy  in  15 
ractions.  over  21  days,  delivered  by  opposed  tangential 
lelds  to  the  breast  and  a  senarate  anterior  supraclavicular/ 
ixiilarv  nodal  field  using  4-MV  photons. 

Vith  a  median  follow-un  of  65  months,  the  8-year  actuar- 
ai  overall  survival  rates  were  comparable  between  the  arms 
73%  and  71%  for  the  LF  and  WF  groups,  respectively).  The 
xciuariai  breast  recurrence  rates  (scoring  only  first  failure 
ates)  were  20%  for  patients  in  the  LF  arm  and  11%  for 
oauents  in  the  WF  arm  (P  =  0.0008).  However,  when  the 
lata  were  analvzed  according  to  histological  type,  the  risks  of 
ocal  failure  in  natients  with  infiltrating  ductal  carcinoma 
vere  i5%  in  the  LF  and  11%  in  the  WF  arm,  whereas,  for 
oauents  with  infiltrating  lobular  carcinoma,  the  respective 
ecurrence  rates  was  34%  and  8% .  A  high  recurrence  rate  was 
ound  in  both  arms  for  patients  with  extensive  ductal  carci- 
loma  m  situ  (21%  and  14%,  respectively).  Importantly,  the 
ailure  rate  outside  the  auadrant  of  the  original  tumor  for 
oauents  with  infiltrating  ductal  carcinoma  (IDC)  in  the  LF 
irmwas  omv  5.5%.  Salvage  surgery  was  possible  in  86%  and 
^0%  of  patients  in  each  arm,  respectively.  Cosmetic  results 
vere  worse  m  the  LF  arm  than  the  WF  arm.  with  much  more 
ibrosis  and  telangiectasias  in  the  former  group.  The  authors 
onciuded  that,  although  the  recurrence  rate  in  the  breast 
uter  lumpectomy  and  wide  field  irradiation  was  comparable 
vith  others  reported  in  the  literature  of  the  time,  in  selected 
upsets  of  patients  limited  field  irradiation  resulted  in  a 
ligher  breast  recurrence  rate.4 

'  here  were  manv  differences  in  the  way  patients  in  this 
nai  were  managed  and  how  patients  are  treated  today.  Axil- 
arv  dissection  was  not  performed,  and  systemic  therapy  was 
lot  used.  Most  patients  did  not  have  pre-  or  postoperative 
nammograpnic  evaluation,  and  specimen  margins  were  not 
waiuated  microscopically.  Therefore,  although  the  local  fail- 
ire  rate  was  considerablv  higher  in  the  LF  arm  than  the  WF 
urn  lor  the  population  as  a  whole,  the  much  smaller  differ¬ 
ence  oetween  the  arms  for  patients  with  infiltrating  ductal 
arcmomas  actuailv  is  quite  encouraging  that  the  approach  of 
B-PBI  is  worth  pursuing.  The  high  rate  of  telangiectasias  in 


the  LF  arm  is  not  surprising,  considering  the  high  skin  dose 
delivered  by  pure  electron  beams,  but  the  increased  risk  of 
ibrosis  mav  also  be  a  problem  facing  EB-PBI  approaches 
using  photons.  This  issue  will  be  discussed  at  some  length 
later. 

Prone  External-Beam  Partial- 
Breast  Irradiation 

riationale  for  Prone  Patient  Positioning 

One  common  challenge  that  must  be  addressed  by  any  tech¬ 
nique  of  breast  radiotherapy  is  the  anatomic/geometric  con¬ 
straints  required  to  treat  the  breast  tissue  volume,  a  target  that 
is  generally  shaped  as  a  concave,  irregular  dome.  Although 
several  techniques  have  been  studied,  treatment  of  the  entire 
breast  using  opposed  tangent  fields  in  the  supine  position 
tends  to  include  some  part  of  the  lung  and,  for  left-sided 
tumors,  the  heart.  Moreover,  respiratory  and  systolic  motion 
olten  increase  the  amount  of  normal  tissue  unnecessarily 
treated. 

Positioning  patients  prone  considerably  reduces  the  breast 
tissue  motion  associated  with  both  cardiac  systole  and  respi¬ 
ration/1  limiting  the  excursion  of  the  chest  wall  to  less  than 
5  mm. 12  In  addition,  prone  positioning  allows  for  exclusion 
ol  lung  and  heart  tissue  from  the  treatment  fields.13  This  is 
particularly  important  in  view  of  the  growing  evidence  that 
treatment  ol  these  organs  may  cause  late  morbidity.14-17  Most 
importantly,  if  patients  are  placed  on  a  special  tabletop  that 
has  a  hole  in  it  (Fig.  1)  that  allows  the  breast  tissue  to  fall  away 
irom  the  chest  wall,  the  excision  cavity  can  be  treated  by 
helds  that  do  not  include  any  portions  of  the  heart  or  lungs. 
Figure  2  shows  how  both  the  shape  and  the  position  of  the 
excision  cavity  vary  when  the  same  patient  is  imaged  either  in 
the  supine  (Fig.  2A)  or  prone  position  (Fig.  2B).  When  prone, 
tlie  cavity  tends  to  be  dislocated  away  from  the  chest  wall  by 
gravity. 

initial  Studies  Using  the  Prone  Position 

Based  on  these  considerations,  we  initiated  a  research  pro¬ 
gram  at  the  University  of  Southern  California,  Los  Angeles,  to 
study  EB-PBI  given  in  the  prone  position.  We  started  by 
exploring  the  physical  and  dosimetric  aspects  of  multiple 
noncoplanar  fields  directed  toward  the  tumor  bed  in  the 
prone  patient.12  The  first  dedicated  table  for  prone  partial- 
breast  treatment  was  designed.  Dosimetry  was  analyzed  for  2 
“radio surgical”  approaches,  one  using  7  fixed  horizontal 
beams  and  the  second  using  six  45°  arcs  and  a  90°  sagittal  arc; 
both  used  a  4-MV  x-ray  beam  with  a  32-mm  diameter  colli¬ 
mator.  Both  field  arrangements  resulted  in  adequate  tumor 
coverage;  the  minimum  target  dose  was  83%  of  the  dose 
maximum  in  the  fixed-beam  arrangement  and  86%  in  the 
multiarc  setup. 

Originally,  we  had  envisaged  using  this  approach  in  a  ra- 
diosurgery-like  fashion,  with  the  long-term  aim  of  substitut¬ 
ing  breast  radiosurgery  for  surgical  excision  for  patients  with 
breast  cancers  measuring  5  mm  or  smaller.  However,  al¬ 
though  giving  such  treatment  was  technically  feasible, 
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inure  1  Example  of  a  patient  under¬ 
going  CT  simulation  in  prone  posi- 
lon,  on  a  dedicated  treatment  table 
lesigned  for  partial-breast  radiation. 
Color  version  of  figure  is  available 
miine). 


nanned  excisions  performed  8  to  10  weeks  later  in  the  first  3 
aauents  so  treated  with  15,  18,  and  20  Gy  showed  that  re- 
ldual  viable  tumor  was  consistently  within  the  treated  target 
'oiume.  This  was  desnite  the  careful  selection  of  the  study 
oauents,  who  each  had  a  tiny  mammographically  detected 
umor.  marked  by  a  tantalum  clip  placed  at  the  time  of  core 
aioosy.  This  small  but  significant  experience  redirected  the 
esearcn  goal  to  the  exploration  of  a  hypofractionated  ap- 
aroacn,  directed  to  treat  the  postoperative  tumor  cavity  with 
iaded  margins. 

-election  of  a  Dose-Fractionation  Scheme 
or  Postoperative  Prone  EB-PBI 

he  accessibility  of  the  target  in  patients  treated  in  the  prone 
Position,  unencumbered  by  constraints  of  treating  surround- 
ng  normai  lung  or  heart  tissue,  together  with  the  relatively 
.mail  volume  associated  with  PBI  created  the  ideal  conditions 
o  satelv  explore  an  accelerated,  hypofractionated  regimen. 

U  the  time,  the  only  prospective  randomized  study  on  this 
ssue  was  that  of  Baillet  and  colleagues18  at  the  Necker  Hos¬ 
pital  in  Paris.  They  reported  equivalent  local  control  but  in- 
erior  cosmetic  results  at  4  vears  in  elderly  patients  receiving 
i  nvpofractionated  regimen  of  23  Gy  delivered  in  4  fractions 
wer  5  weeks  to  the  entire  breast,  compared  with  a  regimen  of 
-5  Gv  in  25  fractions  given  in  5  weeks.  Therefore,  it  became 
lecessarv  to  derive  a  rational  dose-fractionation  regimen  of 
icceierated  radiation  theraDy  from  published  preclinical  and 
tinical  data. 

>v  applying  the  linear-quadratic  cell  survival  model  with 
m  amha-beta  value  for  breast  carcinoma  of  4,19-21  a  dose  of 
0  Gv  given  in  5  fractions  of  6  Gy  per  fraction  over  10  days 
vas  found  radiobiologically  equivalent  in  tumor  control  to  a 
lose  of  50  Gv  given  in  25  fractions  of  2  Gy  over  5  weeks, 


which  is  the  dose  commonly  used  in  studies  of  the  National 
Surgical  Adjuvant  Breast  And  Bowel  Project.22  At  the  same 
time,  this  hypofractionated  scheme  resulted  in  the  same  bio¬ 
logic  equivalent  dose  (BED)  for  late  breast  tissue  complica¬ 
tions23  (including  desquamation,  fibrosis,  erythema,  and  tel¬ 
angiectasia)  as  that  of  60  Gy  in  30  fractions,  a  regimen  used  at 
many  institutions  to  treat  the  tumor  bed  (46-50  Gy  to  the 
whole  breast  plus  a  boost  of  10-14  Gy),  which  has  been 
reported  to  have  excellent  cosmetic  results.24  Table  1  com¬ 
pares  the  BED  values  for  these  3  different  fractionation  regi- 
nens  ana  for  the  fractionation  regimen  used  in  supine  EB- 
PBI  for  different  endpoints. 

Rationale  for  Patient 

Selection  Criteria  for  Prone  EB-PBI 

Postoperative 

The  impetus  for  investigating  prone  EB-PBI  was  the  epidemi¬ 
ological  evidence  of  a  rapidly  emerging  new  breast  cancer 
population  in  the  United  States  because  of  the  widespread 
use  ol  mammographic  screening:  postmenopausal  women 
with  small,  estrogen  receptor-positive  tumors,  who  com¬ 
monly  have  negative  nodes  and  5-  and  10-year  survival  rates 
ol  95%  and  85%,  respectively.25’26  Because  of  the  limited  risk 
ot  breast  cancer  death  in  this  subset  of  patients,  the  likelihood 
that  potentially  suboptimal  radiation  therapy  would  affect 
survival  seemed  very  small,  making  it  acceptable  to  conduct 
trials  exploring  PBI  in  this  group.  Moreover,  there  is  evidence 
that  postoperative  radiation  therapy  has  often  been  omitted 
for  elderly  women,  especially  those  with  significant  comor- 
bid  conditions  because  of  concern  that  they  will  not  be  able  to 
complete  (for  medical  or  logistical  reasons)  6  weeks  of  daily 
treatment.27-29  It  appeared  that  a  more  cost-effective,  user- 
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inure  2  One  month  after  breast  surgery,  the  same  patient  as  in 
!igure  1  was  scanned  both  in  the  supine  (Fig.  2 A)  and  prone  (Fig. 
B)  positions.  Radio-opaque  markers  were  placed  while  supine  to 
refine  the  lateral  extent  of  the  breast  and  to  identify  the  lumpectomy 
scar.  A  suDine  and  a  prone  scan  at  the  level  of  the  lateral  marker  are 
snown  to  exemDlify  how  the  shape  and  site  of  the  postsegmental 
-xcision  seroma  varies  based  on  Datient’s  position.  When  prone,  the 
'aviiv  elongates  and  is  more  distant  from  the  chest  wall. 


riendlv  regimen  could  best  satisfy  the  needs  of  this  specific 
oopu ration,  ideally  without  compromising  local  recurrence 
control  and  breast  cancer  survival.  Finallv,  a  radiotherapy 
echniaue  that  completely  avoids  including  any  of  the  lung  or 
leart  is  particularly  appealing  in  a  patient  population  in 


vnich  late  cardiovascular  effects  might  be  added  to  preexist- 
ng  iilness. 

Results  of  Pilot  Phase  I  Trial 
University  of  Southern  California) 

rom  January  1997  to  June  1998,  we  conducted  a  pilot 
lose-escalation  studv  of  hypo  fractionated  conformal  EB- 
JBI  external-beam  radiotherapy  to  the  tumor  bed  in  se- 
ected  postmenopausal  women  with  T1  breast  cancers 
:onsecunveiv  seen  at  the  University  of  Southern  Califor- 
na.3  All  patients  were  required  to  be  postmenopausal, 
vuh  nonpalp  able,  mammographically  detected  tumors 
neasurmg  iess  than  1  cm  in  diameter,  which  were  excised 
vuh  negative  margins,  with  pathologically  negative  axil- 
arv  lymph  nodes.  The  study  randomly  assigned  cohorts  of 

patients  each  to  3  dose  levels  (5  fractions  of  5,  5.5,  or  6 
tv  each,  respectively,  delivered  over  10  days).  Treatment 
vas  tound  to  be  feasible  in  9  of  10  consecutive  patients; 
he  onlv  excluded  patient  had  a  tumor  cavity  that  was 
".xtremelv  lateral  (in  the  tail  of  Spence),  and  it  was  deter- 
mnea  that  she  was  best  treated  supine.  With  a  minimum 
ollow-up  of  3  years,  there  were  no  recurrences  and  all 
oauents  had  “good  or  excellent”  cosmetic  results. 

Yeliminarv  Results  of  the  Subsequent 
Jhase  I/ll  Studv  (New  York  University) 

because  ol  these  encouraging  results,  we  designed  a  phase 
/II  studv  that  opened  at  New  York  University  in  2000  and 
s  ongoing.  Results  on  the  first  47  patients  entered  (of  the 
total  accrual  goal  of  99  patients)  have  been  recently  report¬ 
ed.7,8  Five  fractions  of  6  Gy  each  are  delivered  over  10 
days,  for  a  total  dose  of  30  Gy.  After  taking  a  planning  CT 
in  the  prone  position,  the  postsurgical  cavity  is  defined  as 
the  clinical  target  volume  (CTV),  and  a  1.5-cm  margin  is 
added  to  generate  the  planning  target  volume  (PTV).  An 
example  is  given  in  Figure  3.  In  this  case,  opposed  tangen¬ 
tial  fields  with  15°  wedges  were  used.  The  corresponding 
lose- volume  histogram  results  show  that  less  than  45%  of 
lie  ipsilateral  breast  volume  received  more  than  50%  of 
the  prescribed  dose. 

For  the  47  patients  currently  on  study,  the  mean  volume  of 
the  ipsilateral  breast  receiving  100%  of  the  prescribed  dose 
was  26%  (range,  1 0%-45%),  whereas  the  mean  volume  of  the 
breast  contained  within  the  50%  isodose  surface  was  47% 
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inure  3  (A)  A  set  of  transverse  CT  slices  (acquired  every  0.37  cm,  but  here  displayed  every  0.75  cm)  for  a  prone  EB-PBI 
reatment  are  shown,  with  isodose  distribution  around  the  tumor  bed  (CTV,  shown  in  red)  and  around  the  PTV  (shown 
n  magenta).  Opposed  tangential  fields  with  15°  wedges  were  used  to  improve  dose  homogeneity.  (B)  Dose  volume 
listo grams  of  the  treatment  plan  are  shown.  (Color  version  of  figure  is  available  online). 
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range,  23%-75%).  The  lung  and  heart  were  consistently 
.Darea.  Acute  toxicity  was  modest,  limited  mainly  to  grade  1 
o  2  ervthema.  With  a  median  follow-up  of  18  months,  only 
uaae  1  late  toxicity  has  occurred,  and  no  patient  has  devel- 
)Dea  a  local  recurrence. 

'upine  External-Beam  Partial- 
-reast  Irradiation 

A/illiam  Beaumont  Hosoital  Experience 

he  group  at  William  Beaumont  Hospital,  near  Detroit, 
Pliot-tested  giving  supine  accelerated  PBI  in  9  patients, 
ismg  active  breathing  control  to  compensate  for  breast 
novement  related  to  resniratory  excursion.9  The  dose- 
ractionation  scheme  initiallv  chosen  was  nominally  the 
ame  as  m  their  brachvtherapy  PBI  experience.  The  first 
ive  oatients  received  34  Gy  in  10  fractions,  given  twice 
xailv  over  5  days,  while  the  following  four  patients  re¬ 
vived  38.5  Gv  in  10  fractions.  The  technique  appeared  to 
pe  feasible  and  well  tolerated. 

iased  on  this  preliminary  data,  Vicini  and  colleagues10 
:onaucted  a  phase  I-II  study  in  31  patients,  using  eligibil- 
tv  criteria  simitar  to  those  applied  in  RTOG  trial  95  to  17. 
vlost  oatients  (29/31)  had  surgical  clips  placed  at  the  time 
n  surgery  to  define  the  lumpectomy  cavity.  The  CTV  con- 
asced  of  the  lumoectomy  cavity  plus  a  10-  to  15-mm  mar¬ 
gin .  The  PTV  consisted  of  the  clinical  target  volume  plus  a 
-cm  margin  to  account  lor  breathing  motion  and  daily 
^anabilitv  of  treatment  setup.  Active  breathing  control 
vas  not  used  in  this  studv.  In  the  first  6  patients,  the 
prescribed  dose  was  34  Gy  in  10  fractions  given  twice  daily 
with  a  minimum  6-hour  interfraction  interval)  over  5 
:onsecutive  davs,  whereas  for  the  subsequent  25  patients, 
he  orescribed  dose  was  increased  to  38.5  Gy  in  10  frac- 
10ns.  The  studv  was  designed  to  treat  the  clinical  target 
miume  with  less  than  10%  inhomogeneity  and  to  give  a 
:omDaraole  or  lower  dose  to  the  heart,  lung,  and  contract¬ 
ual  breast  than  standard  whole -breast  tangents. 

Vt  the  time  of  nublication,  the  median  follow-up  time 
or  this  cohort  was  10  months  (range,  1-30  months).  The 
miv  toxicity  during  treatment  was  grade  1  erythema.  At 
he  initial  4-  to  8-week  follow-un  visit,  19  patients  (61%) 
"xnerienced  grade  1  toxicity  and  3  patients  (10%)  grade  2 
:Kin  toxicitv.  No  grade  3  toxicities  were  observed.  The 
'emaming  9  patients  (29%)  had  no  observable  radiation 
ufects.  Cosmetic  results  were  rated  as  good  or  excellent  in 
ul  evaluable  oatients  at  6  months  (n  =  3),  12  months  (n  = 
18  months  (n  =  6),  and  in  the  4  evaluable  patients 
ollowed  more  than  2  vears  after  treatment.  The  mean 
coverage  oi  the  clinical  target  volume  by  the  100%  isodose 
ine  (IDL)  was  98%  (range,  54%-100%,  median:  100%); 
is  coverage  by  the  95%  IDL  was  100%  (range, 
^9%-100%).  The  mean  coverage  of  the  planning  target 
miume  bv  the  95%  IDL  was  100%  (range,  97%-100%). 
he  mean  percentage  of  the  breast  receiving  100%  of  the 
prescribed  dose  was  23%  (range,  I4%-39%),  whereas  the 
nean  percentage  ot  the  breast  receiving  50%  of  the  pre¬ 


scribed  dose  was  47%  (range,  34%-60%).  The  study  sup¬ 
ported  feasibility  of  this  approach  and  generated  the  back¬ 
ground  experience  for  RTOG  0319. 

RTOG  0319:  A  Multicenter 
Jhase  I/ll  Trial  to  Evaluate 
i  hree-Dimensional  Conformal 
Radiation  Therapy  Confined  to 
he  Region  of  the  Lumpectomy 
Cavitv  for  Stage  I  and  II  Breast  Cancer 

This  studv  assesses  the  technical  feasibility  and  acute  toxicity 
of  irradiating  the  region  of  the  tumor  bed  (identified  by  sur¬ 
gical  clips  placed  at  the  time  of  lumpectomy)  with  3-dimen- 
sional  conformal  radiation  therapy.  Eligible  to  the  trial  were 
newlv  diagnosed  breast  cancer  patients  with  stage  1  to  II 
disease  and  negative  margins  of  excision  (at  least  2  mm)  after 
lumpectomy.  Patients  with  up  to  3  positive  nodes  were  eligi¬ 
ble.  Patients  were  excluded  if  thev  had  tumors  larger  than 
3  cm,  lobular  histology,  or  if  an  extensive  intraductal  com¬ 
ponent  was  present.  A  dose  per  fraction  of  3.85  Gy  was 
delivered  twice  dailv,  with  each  treatment  separated  by  a 
minimum  of  6  hours,  for  a  total  dose  of  38.5  Gy  given  in  10 
consecutive  fractions  (delivered  from  Monday  to  Friday). 
The  planned  accrual  of  46  patients  was  rapidly  achieved. 
Results  are  not  yet  available. 

Other  Studies 

A  few  other  groups  have  begun  studies  of  EB-PBI  in  the 
supine  position.  These  include  investigators  at  Evanston 
Northwestern  Health  care  in  Evanston,  IL  (giving  a  dose  of 
43.2  Gy  in  16  once-daily  fractions  using  intensity-modulated 
radiation  therapy),30  and  at  the  institutions  of  the  Dana-Far- 
ber/Harvard  Cancer  Center  in  Boston,  MA  (giving  32  Gy  in  8 
fractions,  delivered  twice  daily,  using  conformal  photon  or 
mixed  photon-electron  plans).31  So  far,  only  very  early  re¬ 
sults  are  available  that  show  such  treatment  is  feasible  with 
minimal  acute  toxicity. 

Potential  Pitfalls  of  External- 
Beam  Partial-Breast  Irradiation 

Preliminary  experience  with  EB-PBI  has  identified  common 
problems  that  investigators  are  likely  to  encounter  with  this 
approach.  One  is  the  correct  identification  of  the  excision 
cavity.  The  ability  of  the  radiation  oncologist  to  correctly 
target  treatment  depends  on  the  type  of  surgical  technique 
used  as  well  as  the  time  interval  between  excision  and  treat¬ 
ment  planning.  Placing  surgical  clips  at  the  time  of  segmental 
mastectomy  to  define  the  cavity  boundaries  has  the  advan¬ 
tage  of  permanently  marking  the  site  of  excision,  but  migra¬ 
tion  of  clips  after  placement  has  been  reported,  making 
reliance  on  the  technique  questionable.32  Usually,  the  post¬ 
operative  cavity  can  easily  be  identified  within  a  few  weeks 
after  lumpectomy  because  of  the  seroma  that  rapidly  forms, 
which  has  fluid-like  density  and  can  be  easily  identified  at  CT 
planning.  If  there  is  too  long  of  a  delay  between  surgery  and 
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iqure  4  (A)  This  patient  was  originally  imaged  18  days  after  seg- 
nental  mastectomy.  When  the  patient  came  to  start  treatment  10 
iavs  later  (28  days  after  surgery),  it  was  noted  that  the  ipsilateral 
ureast  contour  had  changed.  (B)  When  imaged  again,  the  postoper¬ 
ative  seroma  had  Dartialiy  resolved,  with  absorption  of  the  air 
present  at  the  first  CT,  and  the  contour  and  size  of  the  breast  had 
uso  changed.  A  new  treatment  plan  was  developed. 


imuiation.  the  cavity  may  be  very  difficult  to  see.  However, 
i  treatment  Dlanning  is  done  too  soon,  it  is  possible  that  the 
umnectomy  cavity  and  breast  will  change  in  size  and  shape 
between  the  time  of  treatment  Dlanning  and  initial  treatment 
because  of  the  resolution  of  nostoperative  changes.  For  ex- 
tmme,  Figure  4a  shows  a  patient  who,  when  first  simulated, 
8  davs  after  surgery,  had  a  large  fluid  collection  with  an  air 
evel  visible  on  CT.  The  iDsilateral  breast  was  also  enlarged 
ma  deformed  bv  postoperative  edema.  Ten  days  later,  when 
ne  came  to  start  treatment  (28  days  from  initial  surgery),  the 
:ize  oi  the  breast  had  decreased,  and  it  also  became  evident 
hat  the  excision  cavitv  had  changed  in  size,  as  confirmed  by 
i  new  treatment  Dlanning  CT  (Fig.  4B). 

Vnother  concern  is  whether  the  dose  chosen  for  EB-PBI  is 
taeauate  for  tumor  control.  We  have  addressed  this  issue  in 


i  recent  manuscriDt  that  compares  the  biological  effective 
loses  used  in  PBI  studies  to  those  delivered  to  the  tumor  bed 
ov  more  standard  whole-breast  regimens  of  50  Gy  in  5  weeks 
n  wnole -breast  dIus  boost  regimens  of  60  Gy  in  6  weeks.33  It 
mpears  that  the  BED  values  of  most  PBI  protocols  (with 
uther  external-beam  or  brachvtherapy  techniques)  resulted 
n  tumor  control  BEDs  roughly  equivalent  to  a  50  Gy  stan- 
lard  treatment  but  consistentlv  lower  than  the  BEDs  for  reg- 
mens  in  which  the  tumor  bed  receives  a  total  dose  of  either 
iO  Gv  or  66  Gy.  In  view  oi  the  results  of  trials  demonstrating 
agniiicantly  better  local  control  when  a  boost  is  added  to  the 
umor  bed,34’35  future  studies  of  external  beam  PBI  should 
:onsiaer  whether  a  higher  dose  should  be  given. 

inallv,  when  large  fraction  sizes  are  used,  differences  in 
lormai-tissue  radiosensitivitv  are  likely  to  be  magnified. 

here  are  currentlv  no  predictive  markers  to  determine 
vnich  oatients  will  develop  radiation-induced  late  toxicity, 
i  and  colleagues36  detected  a  significant  correlation  between 
ore  treatment  plasma  levels  of  tumor  growth  factor- j3-l  (a 
nuitifunctional  cvtokine  implicated  in  tissue  fibrosis)  and 
he  risk  of  severe  fibrosis  among  patients  treated  with  breast- 
:onservanon  therany.  Other  studies  have  revealed  that  spe- 
liic  Dolymorphisms  of  the  tumor  growth  factor- j3-l  pro- 
noter  gene  could  be  associated  with  the  development  of 
:evere  nbrosis.  In  1  studv,  patients  with  the  —  509TT  or  4 
169CC  genotypes  were  7  to  15  times  more  likely  to  develop 
:evere  nbrosis.37  HoDefully,  studies  of  “radiation  genomics” 
nav  result  in  a  panel  of  markers  that  can  be  used  to  prospec- 
tvelv  detect  “fibrosis-prone”  individuals. 

uture  Directions 

he  Dhase  III  NSABP/RTOG  protocol  is  described  elsewhere 
n  this  issue  bv  Vicini  and  Arthur.  Completing  this  study  is 
critical  to  establish  the  role  of  PBI  in  the  management  of 
oatients  with  early-stage  breast  cancer.  Until  then,  any  form 
of  PBI  remains  experimental  and  must  be  conducted  as  part 
of  a  trial  approved  by  an  institutional  review  board. 
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N  RESPONSE  TO  DR.  ROOUES  ET  AL. 

'o  the  Editor:  We  would  like  to  thank  Roaues  and  colleagues  for  their 
merest  and  comments  regarding  our  study.  We  agree  that  accuracy  is  the 
nain  nrioriiy  in  immobilization  over  patient  comfort,  but  this  randomized 
rial  failed  to  show  any  significant  differences  in  accuracy  between  the  two 
vpes  of  thermoplastic  masks  studied. 

Ve  also  agree  that  a  low  shoulder  position  is  important  in  radiation 
herany  for  head-and-neck  cancer  patients,  but  we  believe  that  this  could  be 
icnieved  without  using  a  head-shoulder  mask  (HSM).  For  instance,  a  head 
nasK  (TIM)  could  be  used  in  combination  with  a  shoulder  retractor  system 
straps  with  handles  fixed  to  the  treatment  couch)  to  achieve  a  low  shoulder 
position  without  increasing  the  risk  of  severe  skin  toxicity  or  claustropho¬ 
bia. 

t  mav  be  true  that  the  skin  toxicity  is  high  in  our  study,  but  regardless 
)i  where  the  World  Health  Organization  (WHO)  Grade  3  toxicity  occurred, 
he  studv  shows  a  statistical  significant  difference  between  the  HM  and  the 
ISM.  The  highest  grade  of  skin  toxicity  according  to  WHO  was  reported 
veeidy,  and  even  small  areas  of  toxicity  (for  instance,  in  skin  folds  on  the 
lecx  or  behind  the  ears')  were  reported.  We  also  would  like  to  point  out  that 
he  two  comoared  groups  of  patients  (using  HM  or  using  HSM)  were  similar 
n  age,  gender,  tumor  stage  and  site,  type  of  treatment,  beam  energy,  boost 
bv  electrons,  and  skin  types. 

Ve  did  not  find  any  other  studies  that  focused  on  the  patients’  experi¬ 
ences  of  using  immobilization  systems  and  were  surprised  that  more  than 
lalf  (58%)  of  the  patients  experienced  claustrophobia  using  the  HSM  and 
‘5%  of  the  patients  using  HM.  However,  all  patients  in  our  study  were 
reated  by  the  same  specialist-trained  cancer  nurses  with  long  experience, 
is  suggested  by  Roques  et  al. ,  but  we  could  not  detect  a  statistical 
lgnincant  difference  between  patients  using  HM  and  patients  using  HSM. 

‘  he  purpose  of  our  study  was  not  to  prove  which  type  of  fixation  is  the 
best  on  the  market.  Instead  our  purpose  was  to  compare  the  two  types  of 
hermoolastic  masks  that  are  being  used  at  our  department  and  to  find 
inferences  that  are  detectable  in  a  randomized  trial. 

>Tew  fixation  devices  are  developed  constantly  and  will  hopefully  im- 
brove  ihe  reproducibility.  Some  are  commercially  available  and  others 
emain  in  use  iocallv.  The  two  types  of  thermoplastic  masks  compared  in 
)ur  study  were  those  in  use  clinically  at  the  time  of  the  study  (and  still  with 
light  alterations).  We  have  failed  to  find  any  published  data  regarding  the 
enroaucibility  of  the  vacuum-formed  PolyEthleneTerephtalate  glycol 
PETG)  mask  in  combination  with  the  Norwich  head  rest,  but  would  be 
nierested  to  take  part  of  such  data  if  there  are  any  available. 

jena  Sharp.  R.N.,  M.Sc. 

JREDDI  LEWIN.  M.D.,  Ph.D. 
department  of  Oncology  and  Radiotherapy 
Carolinska  Universitv  Hospital 
Stockholm,  Sweden 
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5IOLOGIC  COMPARISONS  OF  PARTIAL  BREAST 
RRADIATION  SCHEDULES:  IN  REGARD  TO  ROSENSTEIN 
:T  AL.  (INT  J  RADIAT  ONCOL  BIOL  PHYS  2004;60:1391-1404) 

"o  the  Editor :  In  the  treatment  of  breast  cancer,  many  plausible  scien- 
lfic  theories  have  proved  illusory  when  put  to  the  test  in  clinical  trials.  The 
uncle  bv  Rosenstein  et  al.  (1)  contains  much  elegant  mathematical  and 
biologic  analysis  of  various  radiotherapy  schedules  used  for  partial  breast 
rraaiation  (PBI),  as  well  as  an  excellent  exposition  of  the  rationale  for 
ising  such  techniques,  but  the  conclusions  they  arrive  at  on  the  basis  of 
heir  calculations  are  undulv  pessimistic,  an  assertion  that  has  already  been 
;nown  to  be  correct  in  the  clinic  by  the  gold  standard  of  a  randomized 
•onirolled  clinical  trial.  They  conclude  that,  whereas  certain  PBI  schedules 
ire  likely  to  be  as  effective  as  a  schedule  of  50  Gy  in  25  fractions,  they  will 
be  clinically  inferior  to  schedules  giving  higher  doses  (60-66  Gy)  in 
factions  of  2  Gv.  Correctly  interpreted,  the  available  data  show  that  there 
s  minimai  clinical  benefit  in  using  the  higher  dose  in  the  sort  of  patients 
nosi  likelv  to  be  offered  PBI. 

"he  European  Organization  for  Research  and  Treatment  of  Cancer 
EORTC)  “boost”  trial  (2)  is  widely  regarded  as  justifying  the  use  of  these 
ligher  doses,  but  this  is  a  misinterpretation  of  that  pivotal  trial,  except  for 
■enain  readilv  identifiable  patients:  the  younger  ones.  It  is  worth  reviewing 
hat  EORTC  trial  in  some  detail.  In  its  design,  randomization  between 


treatment  arms  was  stratified  for  various  factors;  importantly,  patient  age  at 
ime  of  entrv.  The  stratification  was  between  those  younger  or  older  than 
40.  (Incidentally,  in  the  original  publication,  results  for  those  who  were 
older  than  40  were  presented  in  three  groups,  40-50,  50-60,  and  older 
than  60  years,  but  statistically  this  lacks  validity,  because  the  stratification 
was  simply  two-way,  so  only  two  groups  should  have  been  considered). 
For  the  younger  patients,  whose  “baseline”  rate  of  recurrence  was  much 
higher,  the  absolute  reduction  of  risk  produced  by  use  of  a  higher  dose  was 
substantial,  and  clinically  as  well  as  statistically  significant.  For  older 
patients,  the  absolute  gain  was  minimal,  even  if  statistically  significant, 
because  local  control  in  the  50-Gy  arm  was  already  excellent.  The  data 
clearly  show  that  for  those  older  than  40  years,  there  is  little  additional 
benefit  from  higher  doses,  and  it  is  suggestive  that  the  impact  of  higher 
dose  gets  progressively  less  as  patient  age  increases,  but  this  latter  con¬ 
clusion  has  to  be  tempered  with  caution  for  the  statistical  reasons  just 
mentioned. 

The  most  rational  interpretation  of  the  EORTC  study  is  that  “low-risk” 
patients  gain  minimal  or  no  benefit  from  doses  higher  than  50  Gy.  Age  is 
the  most  dominant  predictor  of  risk  in  this  trial,  and  this  accords  with 
numerous  other  studies,  but  other  prognostic  features  have  been  widely 
recognized,  such  as  vascular  invasion,  lymph  node  positivity,  and  extensive 
intraduct  component.  The  authors  refer  to  a  “plateau”  effect  on  the  dose- 
response  curve:  the  evidence  from  the  EORTC  trial  points  to  50  Gy  as 
being  very  close  to  such  a  “plateau”  for  most  older  patients.  They  correctly 
identify  that  such  patients  are  the  ones  most  likely  to  be  offered  PBI. 

It  is  precisely  for  these  low-risk  patients  that  PBI  is  seen  as  an  attractive 
option — and  for  such  patients,  50  Gy  should  be  regarded  as  the  standard 
comparator  among  schedules  using  2  Gy  per  fraction.  If  the  biologic 
calculations  of  Rosenstein  et  al.  are  correct,  the  better  PBI  schedules  will, 
clinically,  be  perfectly  adequate.  Clinical  confirmation  of  this  hypothesis  is, 
of  course,  still  awaited. 

David  A.  L.  Morgan,  M.B. 

Nottingham  City  Hospital  NHS  Trust 

Nottingham,  United  Kingdom 

Hoi:10.1016/j.ijrobp.2005.02.054 
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IN  RESPONSE  TO  DR.  MORGAN 

"o  the  Editor:  We  completely  agree  with  Dr.  Morgan’s  opening  state¬ 
ment  with  regard  to  the  necessity  to  test  any  hypothesis  or  theory  in  the 
;exting  of  clinical  trials:  this  is  in  fact  the  last  sentence  in  the  conclusion  of 
)ur  arucle  (1). 

Regarding  the  correct  interpretation  of  the  available  data  and,  in  partic¬ 
ular.  of  European  Organization  for  Research  and  Treatment  of  Cancer 
(EORTC)  Trial  22881:  at  the  2004  European  Society  for  Therapeutic 
Radiology  and  Oncology  (ESTRO)  meeting,  Antonini  et  al.  presented  the 
•esuits  on  local  control  and  age  from  the  EORTC  Trial  22881,  with  the 
updated  follow-up  of  77.5  months  (range,  0.53-147.5  months).  Quoting 
from  the  published  abstract:  “On  the  relative  hazard  scale,  there  is  no 
evidence  that  the  effect  of  the  boost  treatment  on  local  control  depends  on 
age  (p  =  0.871)”  (2).  Regarding  the  correct  interpretation  of  our  conclu¬ 
sions:  we  stress  the  importance  of  patient  selection  for  partial  breast 
irradiation  (PBI),  a  point  we  have  made  before  (3-5).  Accrual  to  our 
current  trial  of  prone  PBI  is  limited  to  selected  postmenopausal  women 
who  are  treated  by  30  Gy  in  five  fractions.  In  fact,  we  have  hypothesized 
that  such  a  dose  could  be  sufficient  in  this  population.  As  stated  in  the 
recent  manuscript  about  this  trial,  “whether  the  hypofractionated  regimen 
(30  Gy  in  five  fractions  within  10  days)  will  be  revealed  as  adequate  in 
ensuring  tumor  control  in  the  carefully  selected  population  studied  in  this 
trial  warrants  long-term  follow-up”  (4). 

Through  radiobiologic  modeling,  we  wanted  to  stress  the  difference 
between  currently  used  PBI  regimens  and  standard  whole-breast  radiother¬ 
apy,  a  relevant  exercise  in  view  of  the  fact  that  many  current  PBI  trials  are 
offered  to  women  of  any  age,  with  the  same  potentially  insufficient  dose. 

Standard  adjuvant  whole-breast  radiotherapy  is  a  highly  effective  com¬ 
ponent  of  breast  conservation:  “lesser”  regimens  require  cautious  explora- 
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ion.  including  initial  patient  selection  criteria  that  reflect  what  we  already 
enow.  Ignoring  heterogeneity  of  breast  cancer  and  its  distinct  natural 
listorv  in  different  age  groups,  including  patterns  of  local  recurrence,  is 
miikelv  to  foster  progress  in  this  field. 

jILVIA  C.  Formenti.  M.D. 

Jtella  C.  Lymberis,  M.D. 
Jenartment  of  Radiation  Oncology 
>JYU  School  of  Medicine 
>Jew  York.  NY 

iARRY  S.  ROSENSTEIN.  PH.D. 
Jenartment  of  Radiation  Oncology 
vlount  Sinai  School  of  Medicine. 
>Jew  York,  NY  and 
Jenartment  of  Radiation  Oncology 
\TYU  School  of  Medicine 
view  York.  NY 
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vIINIMIZING  URINARY  BLADDER  RADIATION  DOSE 
)URING  BRACHYTHERAPY  FOR  CARCINOMA  OF  THE 
1ERVIX  USING  BALLOON  INFLATION  TECHNIOUE:  IN 
REGARD  TO  MALAKER  ET  AL.  ( INT  J  RADIAT  ONCOL 
IIOL  PHYS  2005:61:257-266) 

'o  the  Editor:  It  was  with  great  personal  interest  that  we  read  the  article 
.v  Malaker  et  al.  (1)  on  the  reduction  of  bladder  radiation  dose  during 
.rachvtherapy  for  cervical  cancer  using  balloon  inflation  technique.  With 
:xiensive  exDerience  using  balloon  catheters  to  minimize  bladder  and 
eciat  dose  during  gynecologic  brachytherapy  at  our  institution,  we  have 
ncorooraied  the  balloon  catheter  technique  as  a  standard  of  care  and  have 
vruten  extensivelv  on  this  subject  (2,  3).  It  was  thus  with  surprise  that  we 
bund  no  references  to  the  work  we  have  already  done  in  the  very  journal 
hat  Malaker’ s  article  is  printed.  Perhaps  this  oversight  is  also  shared 
.araally  by  the  reviewers. 

n  addition,  there  are  some  technical  issues  we  would  like  to  point  out. 
:igure  2  of  the  article  shows  lateral  simulation  films  of  the  uterine  appli¬ 
cators  in  situ,  in  which  the  tandem  is  clearly  placed  too  anteriorly  in 
'eiation  to  the  ovoids.  Although  the  purpose  of  the  film  is  to  show  the 
lisplacement  of  the  bladder  that  can  be  achieved  by  inflating  the  balloon 
catheter.  we  also  advocate  correct  placement  of  the  applicators,  especially 
n  a  published  article. 

t  is  also  apparent  from  these  simulation  films  that  no  internal  shields 
vere  usea  with  the  ovoid  applicators.  Using  such  shields  is  a  practice 
nandard  at  our  institution  and  the  lack  of  such  shields  may  have  very  well 
;xewed  the  bladder  (and  rectal)  exposure. 

>lext.  the  use  of  the  distal  opening  of  the  catheter  as  an  anchor  to  the 
andem.  though  resourceful,  does  not  take  into  account  variations  seen  in 
.aaent  anatomy,  particularly  location  of  the  bladder.  Some  bladders  sit 
nore  ceonalad,  others  more  caudal.  In  our  institution,  adjustments  often 
lave  to  be  made  in  the  placement  of  the  balloon  catheter  if  the  bladder  does 
lot  sit  directlv  above  the  balloon.  This  involves  deflating  the  balloon, 
naxing  the  adjustment,  then  reinflating  the  balloon  with  another  simulation 
ilm  taken.  Therefore,  the  authors’  technique  may  not  be  practical  for  all 
lauents. 
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In  summary,  the  authors’  findings  only  served  to  confirm  what  we  have 
already  demonstrated — that  balloon  catheters  can  reduce  unnecessary  dose 
to  the  bladder,  although  we  have  conclusively  shown  that  rectal  dose  can 
also  be  reduced  (2).  Nevertheless,  we  are  happy  to  learn  of  the  authors’  use 
.1  the  balloon  inflation  techniaue  and  look  forward  to  seeing  the  use  of 
balloon  catheters  incorporated  as  a  standard  of  care  in  more  centers  besides 
our  own. 

Join  Y.  Luh,  M.D. 

Tony  Y.  Eng,  M.D. 

Yifton  D.  Fuller,  B.S. 

Department  of  Radiation  Oncology 

University  of  Texas  Health  Science  Center  at  San  Antonio 
San  Antonio,  TX 

uoi:10.1016/j.ijrobp.2005.03.016 

1 .  Malaker  K.  Shukla  V,  D’  Souza  H,  et  al.  Minimizing  urinary  bladder 
radiation  dose  during  brachytherapy  for  carcinoma  of  the  cervix  using 
oalloon  inflation  technique.  Int  J  Radiat  Oncol  Biol  Phys  2005 ;6 1:257- 
~66. 

2.  Eng  TY,  Fuller  CD,  Cavanaugh  SX,  et  al.  Significant  rectal  and  bladder 
dose  reduction  via  utilization  of  Foley  balloon  catheters  in  high-dose- 
rate  tandem  and  ovoid  intracavitary  brachytherapy  of  the  uterine  cervix. 
Int  J  Radiat  Oncol  Biol  Phys  2004;59:174-178. 

3.  Eng  TY,  Blough  M,  Sadeghi  A,  et  al.  An  innovative  concept  of 
high-dose-rate  (HDR)  radiation  treatment  with  intracavitary  inflatable 
balloon  for  endometrial  carcinoma.  Int  J  Radiat  Oncol  Biol  Phys 
2004;60:S488. 


IN  RESPONSE  TO  DR.  LUH  ET  AL. 

To  the  Editor:  For  potential  users  of  the  balloon  inflation  technique  for 
cancer  of  cervix,  we  would  like  to  respond  to  the  issues  raised  by  Luh  and 
mg  to  inform  practicing  colleagues.  We  were  happy  to  learn  of  the 
laontion  elsewhere  of  a  balloon  inflation  technique  for  treatment  of  cancer 
)i  the  cervix,  a  technique  that  we  previously  described  in  our  widely 
nxemationally  circulated  Annual  Report  of  2002  (1),  a  copy  of  which  is 
available  on  reauest.  After  submission  of  our  article  to  this  journal  in 
August  2003  (2),  we  subsequently  learned  of  its  application  at  the  Univer¬ 
sity  of  Texas  Health  Science  Center  at  San  Antonio  after  publication  of  an 
article  by  Eng  et  al.  (3)  in  May  2004. 

Regarding  the  anterior  placement  of  the  tandem.  Fig.  2  in  our  original 
stride  was  included  as  an  example  to  demonstrate  that,  even  when  it  is 
markedly  anteriorly  placed,  the  dose  to  the  bladder  is  reduced  by  increasing 
the  separation  between  the  tandem  and  the  bladder.  Second,  spherical 
ovoids  tend  to  hold  the  tandem  on  their  curved  surfaces  as  they  meet 
together;  as  a  result,  the  tandem  is  pushed  upward.  However,  if  cylindrical 
ovoids  are  used,  the  tandem  will  lie  in  the  middle  of  the  ovoids;  this  is  the 
system  we  usually  use.  Consequently,  if  the  patient  has  posterior  packing 
behind  the  tandem  in  the  gap  between  the  two  ovoids,  it  holds  the  lower 
end  of  the  applicator  system  and,  if  the  packing  is  done  satisfactorily,  this 
would  not  be  a  practical  problem  in  performing  this  procedure. 

It  should  also  be  noted  that  by  lifting  the  vaginal  portion  of  the  appli¬ 
cator,  it  acts  as  a  retractor,  and  posterior  packing  becomes  relatively  easy. 
In  this  case,  posterior  packing  can  be  done  well  under  direct  vision  and 
posterior  displacement  of  the  rectum  can  be  assured,  thus  helping  to  reduce 
the  rectal  dose. 

Shielded  ovoids  can  be  employed,  but  the  BrachyVision  computer 
calculation  system  we  use  does  not  allow  for  a  shielded  applicator  (4).  Any 
shielding  correction  would  have  to  be  applied  to  the  results  determined  by 
the  BrachyVision  system  by  a  physicist,  but  the  perturbation  effect  of  the 
shielding  cannot  readily  be  calculated,  nor  is  there  a  program  available  to 
our  knowledge  to  incorporate  a  shielding  correction  into  the  calculation 
module.  Consequently,  although  in  principle  it  may  be  a  good  idea  because 
we  do  not  have  an  accurate  method  of  calculation,  we  have  chosen  to 
employ  the  approach  of  increasing  the  distance  to  the  rectum  by  packing 
and  to  use  an  accurate  method  of  calculation  rather  than  using  less  packing 
and  a  dose  approximation. 

With  regard  to  the  distal  opening  of  the  catheter,  it  must  be  used  as  an 
anchor  to  the  tandem  to  make  it  secure  against  slipping,  because,  if  the 
packing  is  not  done  with  care,  when  the  balloon  is  inflated,  it  can  slip 
backward  and  between  the  ovoids  or  sideways,  defeating  the  whole  pur¬ 
pose  of  the  exercise. 
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ETTERS  TO  THE  EDITOR 


N  REGARDS  TO  GLATSTEIN:  THE  WHIRLIGIG  OF  TIME 
INT  J  RADI  AT  ONCOL  BIOL  PHYS  2006;65:322-323) 

'o  the  Editor :  In  resnonse  to  the  editorial  by  Dr.  Glatstein  (1),  I,  as  a 
aaiation  oncologist  with  many  years  of  academic  and  private  practice 
•xoerience,  have  the  following  comments.  First,  medical  school  curricula 
ieea  to  have  a  seoarate  course  in  which  the  medical  student  can  get  a 
veil -balanced  education  in  oncology.  It  is  my  observation  that  new  grad- 
lates  and  orimary  care  physician  have  limited  knowledge  of  various 
naiignancies.  Second,  in  the  residency  program  of  radiation  oncology,  we 
ieea  to  nut  emphasis  on  caring  for  patients  and  being  physicians  first, 
aiher  than  nutting  too  much  emphasis  on  the  technical  side.  Being  a 
3nysician  who  is  able  to  address  day-to-day  problems  is  of  paramount 
moonance,  and  implementing  daily  hospital  rounds  and  respond  to  ER 
■ails  provides  invaluable  experience.  Third,  it  is  true  that  we  have  made 
vonaerful  advances  in  the  technical  nortion  of  radiation  oncology,  but  we 
nould  not  forget  the  day-to-day  care  of  patients  and  their  needs.  Fourth, 
he  follow-uD  process  is  a  very  important  part  of  the  practice  of  radiation 
mcoiogy,  and  we  should  not  delegate  the  process  of  follow-up  to  other 
mysicians.  It  is  truly  a  learning  experience  for  the  natural  history  of 
naiignancies  as  well  as  for  the  early  and  late  side  effects  of  radiotherapy. 

‘  he  time  has  come  to  join  forces  and  work  together  to  reinvent  cancer 
eaching  at  the  medical  schools,  as  well  as  to  place  emphasis  on  radiation 
mcoiogy  residency  programs  so  they  are  producing  oncologists  that  are 
ommuted  to  the  long-term  care  of  patients. 

Tamed  H.  Tewfik.  M.D. 
department  Radiation  Oncology 
owa  City  Cancer  Treatment  Center 
owa  City,  IA 

ioi:10.1016/j.ijrobp.2006.06.046 
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EXTERNAL  BEAM  PARTIAL-BREAST  RADIOTHERAPY: 
■RUCIAL  DIFFERENCES  BETWEEN  NYU  00-23  AND  RTOG 
)319:  IN  REGARD  TO  VICINI  ET  AL .  (INT  J  RADIAT 
)NCOL  BIOL  PHYS  2005:63:1531-1537) 

'  o  the  Editor:  We  have  read  with  interest  the  first  reoort  of  Radiation 
‘  herany  Oncology  Group  (RTOG)  0319  by  Vicini  et  al.  (1).  Although  the 
lesign  and  the  main  intent  of  the  RTOG  study  were  similar  to  those  of  New 
'ork  University  (NYU)  00-23,  it  is  important  to  carefully  consider  the 
ruciai  differences  between  these  two  trials  of  partial-breast  external  beam 
aaiotherapy  to  interpret  the  data  correctly  (2). 

Vith  resDect  to  eligibility  criteria,  only  women  who  declined  a  standard 
■egimen  of  6  weeks  of  conventional  breast  radiotherapy  were  entered  into 
'JYU  00-23.  Moreover,  a  specific  cohort  of  women  at  a  particularly  low 
ask  of  recurrence  was  selected  for  this  trial  (nonpalpable  primary  tumor, 
aage  pTlpNOMO,  with  negative  surgical  margins  measuring  at  least 
-  mml 

n  NYU  00-23.  both  the  dose  and  the  fractionation  schedules  differed 
rom  those  used  in  RTOG  0319.  A  dose  of  600  cGy  was  delivered  once  a 
iav  in  5  fractions  over  10  days  to  a  total  dose  of  3,000  cGy.  Although  on 
aaiobiologic  grounds  the  two  regimens  were  predicted  to  have  comparable 
Tficacv  (3),  the  NYU  protocol  is  arguably  more  convenient  for  patients 
because  it  does  not  reauire  two  treatments  per  day  and  therefore  reduced 
he  number  of  visits  to  the  radiation  facility  by  half  in  comparison  with  the 
vTOG  study. 

lowever.  the  most  crucial  differences  concern  the  technique  and  the 
losimetric  data.  Prone  positioning  did  not  require  any  additional  margin  to 
•omoensate  for  respiratory  motion  (4)  and,  in  NYU  00-23,  the  surgical 
■avitv  was  easily  identified  by  computed  tomography  imaging  without  any 
ieea  to  rely  on  surgical  clips  (5). 


In  addition,  although  both  studies  tested  the  feasibility  of  three-dimen¬ 
sional  conformal  radiotherapy  and  although  the  field  arrangements  were 
.elected  at  the  discretion  of  the  treating  physicians,  the  treatment  technique 
and  the  number  of  fields  employed  were  different.  RTOG  0319  used 
multiple  fields  that  differed  according  to  tumor  laterality:  four  for  right¬ 
sided  lesions  and  five  for  left-sided  ones.  In  contrast,  NYU  00-23  over¬ 
whelmingly  used  a  pair  of  parallel-opposed  minitangents.  The  simplicity  of 
the  NYU  approach  assured  a  reliable  daily  setup,  easily  confirmed  by  portal 
imaging  obtained  before  each  of  the  five  fractions.  It  was  therefore  also 
likely  to  be  more  easily  reproducible  in  a  multiple-center  setting. 

Another  crucial  difference  involved  permissible  dose  to  nontarget  crit¬ 
ical  tissues.  In  all  47  patients  treated,  the  only  dose  received  by  thyroid, 
contralateral  lung,  and  heart  was  dose  from  internal  scatter  and  leakage 
from  the  head  of  the  collimator.  In  fact,  the  NYU  00-23  study  required  that 
field  arrangements  be  designed  to  completely  avoid  the  contralateral  breast, 
the  contralateral  lung,  the  heart,  and  the  thyroid.  The  ipsilateral  lung  was 
permitted  to  receive  up  to  5  Gy  (16.7%  of  the  dose  prescribed  to  the  tumor 
bed),  but  only  to  a  volume  not  exceeding  10%  of  the  ipsilateral  lung.  In  all 
47  patients,  these  constraints  were  satisfied. 

We  believe  the  enumerated  differences  are  both  relevant  and  crucial  and 
that  the  technique  employed  in  NYU  00-23  presents  several  important 
strengths,  including  its  potential  for  large-scale  reproducibility  and  its 
improved  toxicity  profile  with  respect  to  reducing  the  risk  of  long-term 
complications  (6,  7). 

3ilvia  C.  Formenti,  M.D. 

A.  Gabriella  Wernicke,  M.D. 

J.  Keith  DeWyngaert,  Ph.D. 

New  York  University  School  of  Medicine 

New  York,  NY 

doi :  1 0. 1 01 6/j.ij  robp.2006.05.049 
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IN  RESPONSE  TO  DR.  FORMENTI  ET  AL. 

To  the  Editor:  We  thank  Drs.  Formenti,  Wernicke,  and  DeWyngaert  for 
their  comments  regarding  Radiation  Therapy  Oncology  Group  (RTOG) 
0319  (1)  and  their  partial-breast  irradiation  (PBI)  technique.  It  is  critical 
that  additional  methods  to  deliver  PBI  with  three-dimensional  (3D)  con¬ 
formal  external-beam  radiotherapy  (EBRT)  are  investigated  to  determine  if 
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his  conceDt  is  practical,  reproducible,  and  equivalent  to  conventional 
vnole-breast  irradiation.  We  would,  however,  like  to  make  some  additional 
•ommenis  related  to  several  of  the  issues  they  discussed. 

first.  patient  selection  criteria  for  our  study  were  based  on  recommen- 
lations  from  the  American  Brachv therapy  Society  and  the  American 
Society  of  Breast  Surgeons  and  also  match  criteria  used  to  generate  the 
excellent  long-term  local  control  rates  observed  in  the  numerous  published 
5hase  I/II  studies  addressing  this  issue  (2).  The  more  restrictive  selection 
•rneria  used  by  the  authors  (although  very  reasonable)  potentially  overlap 
vnh  criteria  used  to  identify  patients  who  may  not  require  any  radiation  at 
ul.  It  has  always  been  our  belief  that  PBI  may  be  most  optimally  suited  for 
hose  subsets  of  “intermediate-risk”  natients  who  clearly  do  not  require  5 
o  7  weeks  of  conventional  whole-breast  radiation  but  who  would  do 
agnificantly  better  than  with  no  radiation  at  all.  Only  data  from  the 
lumerous  ongoing  Phase  III  trials  of  PBI  will  help  clarify  the  selection 
•rneria  for  this  techniaue  to  be  optimally  applied. 

Second,  the  dose  fractionation  schedule  we  selected  was  based  both  on 
aaiobiologic  calculations  and  preliminary  toxicity  results  generated  from 
uinlished  data  applying  this  identical  technique  and  fractionation  schedule 
3).  Larger  fraction  sizes  (although  more  convenient)  were  avoided  out  of 
■oncems  that  these  larger  doses  per  fraction  could  potentially  result  in 
agnincantly  increased  late  toxicity  (as  experienced  in  the  Phase  III  trial  of 
5BI  using  EBRT  from  the  Christie  Hospital,  where  fractions  of  531  cGy 
vere  given  [4]).  If  similar  rates  of  local  control  and  toxicity  can  be 
)Dtained.  the  3D  conformal  PBI  technique  with  the  least  number  of 
factions  will  obviouslv  be  the  most  convenient  for  patients.  Until  this 
iDumal  fraction  size  is  identified,  it  is  important  that  several  different 
:cnedules  are  tested,  because  most  of  these  fraction  sizes  and  total  doses 
ire  oased  on  radiobiologic  estimates  and  not  long-term  toxicity  data. 

'  hird.  we  agree  that  the  supine  technique  used  in  our  study  has  certain 
^racucal  limitations,  as  does  any  PBI  technique  (including  the  author’s 
?rone  technique).  Regarding  the  normal  tissue  dose  constraints  that  were 
:siablished  in  our  nrotocol,  these  were  mandated  to  prevent  the  use  of 
tnusuai  beam  angles  that  could  potentially  increase  normal  tissue  doses.  As 
loted  in  the  trial,  this  was  not  necessary  because  these  criteria  were  easily 
net  in  the  vast  majority  of  patients.  It  should  also  be  noted  that  our 
echnique  has  been  shown  to  result  in  lower  doses  to  normal  tissues  than 
•onvennonal  whole-breast  irradiation  with  tangential  fields  (5). 

finally,  we  strongly  encourage  the  investigation  of  other  techniques  to 
leliver  PBI  (including  brachy therapy),  because  it  is  our  belief  that  no 
angie  technique  is  applicable  to  all  patients.  In  recognition  of  this  impor- 
ant  noint,  we  are  allowing  three  different  PBI  techniques  (including  the 
echniaue  investigated  by  the  authors)  to  be  used  in  the  NSABP  B39/ 
vTOG  0413  Phase  III  trial  comnaring  PBI  to  whole-breast  radiation.  These 
hree  techniaues  include  the  MammoSite  breast  brachytherapy  catheter, 
■aiheter-based  interstitial  brachytherapy,  and  3D  conformal  EBRT.  As  of 
vlarch  31.  2006,  >1,000  patients  (33%)  have  been  successfully  enrolled  in 
he  trial  with  more  than  70%  of  the  PBI  patients  treated  with  the  same  3D 
•oniormal  EBRT  technique  used  in  RTOG  0319. 
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Villiam  Beaumont  Hosnital 
voval  Oak,  MI 

Douglas  Arthur.  M.D. 

Virginia  Commonwealth  University 
vichmond.  VA 

ioi:10.1016/i.ijrobp.2006.05.046 

.  Vicini  F.  Winter  K,  Straube  W,  et  al  A  Phase  I/II  trial  to  evaluate 
hree-dimensional  conformal  radiation  therapy  confined  to  the  region  of 
he  lumpectomy  cavity  for  Stage  I/II  breast  carcinoma:  Initial  report  of 
feasibility  and  reproducibility  of  Radiation  Therapy  Oncology  Group 
RTOG)  Study  0319.  Int  J Radiat  Oncol  Biol  Phys  2005;63:1531-1537. 

.  Arthur  DW.  Vicini  FA.  Accelerated  partial  breast  irradiation  as  a  part  of 
->reast  conservation  therapy.  J  Clin  Oncol  2005;23:1726-1735. 

'.  Baglan  KL,  Sharpe  MB,  Jaffray  D,  et  al  Accelerated  partial  breast 
rraaiation  using  3D  conformal  radiation  therapy  (3D-CRT).  Int  J  Ra- 
liat  Oncol  Biol  Phvs  2003;55:302-311. 

'.  Ribeiro  GG.  Magee  B,  Swindell  R,  et  al  The  Christie  Hospital  breast 
■onservauon  trial:  An  update  at  8  years  from  inception.  Clin  Oncol  (R 
:oll  Radiol)  1993;5:278-283. 

.  Vicini  FA.  Remouchamps  V,  Wallace  M,  et  al  Ongoing  clinical  expe- 
aence  utilizing  3D  conformal  external  beam  radiotherapy  to  deliver 
carnal-breast  irradiation  in  patients  with  early- stage  breast  cancer 


treated  with  breast-conserving  therapy.  Int  J  Radiat  Oncol  Biol  Phys 
2003;57:1247-1253. 


LINEAR  QUADRATIC  MODELING  OF  INCREASED  LATE 
NORMAL-TISSUE  EFFECTS  IN  SPECIAL  CLINICAL 
SITUATIONS:  IN  REGARD  TO  JONES  ET  AL . 
yINT  J  RADIAT  ONCOL  BIOL  PHYS  2006;64:948-953) 

To  the  Editor:  This  is  in  reference  to  the  article  by  Jones  et  al  published 
in  your  esteemed  journal  (1).  I  wish  to  draw  your  kind  attention  that  in  my 
opinion  there  are  some  major  flaws,  which  do  not  explain  the  proper 
mathematical  formulation. 

The  authors  have  described  a  late  tissue  isoeffect  by  the  following 
equation: 


fi-Ni(aid\+pldO  —  e-N2{<*<Ld2+fhd\) 


d) 


The  subscripts  1  and  2  refer  to  the  dose  in  the  unsensitized  state  and  in  the 
sensitized  state,  respectively. 

However,  Equation  1  should  be  written  as: 

+  _  g-JV2(M2+M)  (\\ 


In  the  same  mathematical  derivation,  the  authors  have  multiplied  Equation 
4  throughout  by  ctl  and  achieved  Equation  9,  which  is: 

ofi  •  BEDunsensitized  o^i  •  BEDsensitized  (9) 

However,  in  my  opinion,  it  needs  correction  in  that  only  if  we  multiply 
Equation  7  throughout  by  can  we  achieve  Equation  9.  If  it  is  not  so,  it 
needs  explanation. 

This  is  for  your  information  and  evaluation. 

Abhuit  Mandal,  M.Sc.,  Dip.  R.P. 
Institute  of  Medical  Sciences 
Banaras  Hindu  University 
Uttar  Pradesh,  India 

doi:10.10l6/j.ijrobp.2006.05.048 

1 .  Jones  B.  Dale  RG,  Gaya  AM.  Linear  quadratic  modeling  of  increased 
late  normal-tissue  effects  in  special  clinical  situations.  Int  J  Radiat 
Oncol  Biol  Phys  2006;64:948-953. 


N  RESPONSE  TO  DR.  MANDAL 

To  the  Editor:  We  are  grateful  that  the  typographical  error  in  our  Eq.  1 
has  been  detected.  This  shows  the  difficulty  of  assessing  on-screen  sub- 
;criDis  in  exponentials. 

Our  Eq.  1  should  be  presented  as: 

_  e-N2(^a2d2+p2d22') 

rom  which: 

Ni(a]di  +  frd?)  =  N2(a2d2  +  /32d2) 

where  all  subscripts  1  refer  to  the  unsensitized  state  and  subscripts  2  the 
sensitized  state  for  a  given  isoeffect. 

Tf  a2  =  xa^  and  J32  =  x2/^  then  the  BED  equations  for  nonsensitized 
and  sensitized  states  are: 


G) 


(2) 


-v,^[  1  + 
1 


d , 


=  N2d2 


This  equation  can  be  expressed  in  words  as: 


(3) 
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Partial -breast  irradiation  fPBI)  is  becoming  a 
new  paradigm  for  breast  cancer  radiation,  as 
discussed  previously  by  Professor  Sarin  in  this 
journal.1  No  type  I  or  type  II  evidence  is  currently 
available  to  demonstrate  equivalence  of  this  tech¬ 
nique  to  standard  whole-breast  radiotherapy, 
and  a  prospective  randomized  trial  jointly  spon- 
:orea  bv  the  NSABP  and  RTOG  (NSABP  B-39 
ma  RTOG  04131  is  currently  accruing  patients 
o  comnare  whole  breast  radiotherapy  with  PBI, 
^errormed  either  by  brachy therapy  or  external- 
ieam  techniaues.  Until  the  results  of  this  or 
urniiar  trials  are  available  PBI  remains  a  research 
lomain  and  should  be  offered  to  -patients  only  in 
he  context  of  a  clinical  exuerimental  protocol. 

9esDite  the  fact  that  less  extensive  experience  is 
ivaiiable  for  external-beam  PBI  than  for  brachv- 
herany,  PBI  delivery  through  an  external-beam 
mproacn  presents  many  advantages.  Firstly, 
•xternal-beam  PBI  is  likelv  to  be  more  acceptable 
o  the  natient  since  it  is  noninvasive  and  does 
lot  reauire  a  surgical  procedure  or  anesthesia, 
vloreover,  since  external-beam  PBI  is  delivered 
irter  surgery  the  pathological  analysis  of  the 
;egmentai  mastectomy  specimen  is  available  to 
aentifv  the  best  candidates  for  this  approach, 
iecondlv,  external-beam  PBI  is  likely  to  become 
nore  wiaelv  reproducible  than  brachytherapy, 
unce  successful  application  of  external-beam 
^BI  does  not  relv  on  the  experience  and  skills  of 
he  radiation  oncologist,  unlike  brachytherapy. 
"hirdlv,  once  the  technique  of  external-beam 
^BI  is  established,  it  can  be  widely  applied  at 
any  racility  that  has  a  linear  accelerator.  Some 
brachytherapy  approaches  cannot  be  completed 
because  of  the  unfavorable  interplay  of  the 
patient’s  anatomy  with  the  technical  limitations 
of  the  applicator.2  External-beam  PBI  does  not 
present  this  problem.  Finally,  in  terms  of  health 
care  economics,  an  external-beam  approach 
spares  ihe  costs  of  an  extra  surgical  procedure 
ma  those  of  several  davs  of  hospitalization  (in 
the  case  of  low-dose-rate  brachytherapy).3 

External-beam  PBI  was  originally  tested  in 
a  prospective  randomized  trial  at  the  Christie 


Hospital  in  Manchester,  UK.  This  trial  compared 
external-beam  PBI  with  radiation  of  the  whole 
breast  and  associated  nodes.4  After  a  follow-up 
of  65  months,  while  survival  in  the  two  arms 
was  comparable,  the  local  recurrence  rate  in 
the  external-beam  PBI  arm  was  double  that 
of  the  whole-breast  radiation  arm  (20%  versus 
1 1%).  Noticeably,  patients  with  tumors  as  large 
as  4  cm  in  diameter  were  eligible  for  the  trial,  and 
external-beam  PBI  was  delivered  by  8  or  12  MeV 
electrons  with  a  generally  small  target  field, 
without  the  imaging  support  currently  avail¬ 
able  to  target  the  tumor  bed.  Certain  histological 
characteristics  of  the  primary  tumor — lobular 
type  and  presence  of  ductal  carcinoma  in  situ 
in  the  specimen — were  more  likely  than  others 
to  be  associated  with  recurrence  of  the  primary 
tumor.  Conversely,  in  patients  with  infiltrating 
ductal  carcinomas  treated  by  PBI,  the  failure  rate 
outside  the  original  quadrant  was  only  5.5%. 

This  experience  informed  the  careful  patient 
selection  in  the  contemporary  external-beam 
PBI  clinical  trials,  which  limit  eligibility  to 
patients  with  small  tumors  and  negative 
margins  of  resection,  and  without  an  extensive 
intraductal  component.5-8  The  clinical  target 
volume  (CTV)  usually  consists  of  the  tumor 
cavity,  which  is  visualized  at  CT  planning,  plus 
1-1.5  cm  of  margin.  An  extra  1-2  cm  is  added  to 
the  CTV  to  render  the  planning  target  volume 
(PTV),  which  takes  into  account  some  variability 
in  the  position  of  the  patient  from  day  to  day. 

A  prone  approach  for  external-beam  PBI 
has  been  tested  at  New  York  University  in  a 
clinical  trial  sponsored  by  a  grant  from  the  US 
Department  of  Defense  Breast  Cancer  Research 
Program.  Results  for  the  first  47  patients  accrued 
have  demonstrated  feasibility.7  Eligibility  for 
enrollment  into  this  study  is  limited  to  post¬ 
menopausal  women  with  nonpalpable,  mammo- 
graphically  detected  tumors.  In  addition,  the 
protocol  requires  patients  to  have  first  refused  to 
undergo  the  standard  6  weeks  of  radiotherapy. 
Five  fractions  of  6  Gy  are  delivered  to  the  PTV 
over  10  days  (Monday-Wednesday-Friday, 
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vlondav-Wednesday).  This  dose  and  fractiona- 
lon  schedule  was  calculated  bv  radiobiological 
noaeling  and  was  predicted  to  be  as  effective 
n  rerms  of  tumor  control  as  50  Gv  in  25  frac- 
10ns,  while  maintaining  a  risk  of  fibrosis  at  the 
umor  bed  comnarable  to  that  of  a  standard 
•egimen  of  60  Gy  in  30  fractions.7,9  An  a/ (3  —  4 
or  tumor  control  was  used,  and  its  validity  was 
-onrirmed  in  2006  bv  the  results  of  a  prospec- 
lve  randomized  trial  that  comnared  hypo- 
ractionated  with  standard  fractionation  of 
vnole -breast  radiotherany.10 

ITOG  tested  conformal  external-beam  PBI  in 
he  suuine  position  in  a  phase  I — II  trial  (RTOG 
)319),  which  rapidly  accrued  its  target  popula¬ 
tion  of  58  patients.8  Through  multi-institutional 
iccruai,  this  important  trial  confirmed  the 
easibilitv  of  external-beam  PBI  in  the  supine 
position.  Ten  fractions  of  either  3.4  Gy  or 
:.85Gv  were  delivered  twice  a  day,  separated 
tv  an  interval  of  6h,  to  a  total  dose  of  34  Gy  or 
:8.5Gv.  The  dose  and  fractionation  schedules 
vere  cnosen  to  mimic  those  widelv  used  for  PBI 
vnh  brachvtherapy,  on  the  basis  of  the  original 
issumnuon  of  a/ (3  =  10  for  tumor  control. 

vt  a  verv  early  follow-up  point  of  2-3  years  it 
vas  encouraging  to  notice  that  external-beam 
^BI  had  achieved  excellent  local  tumor  control 
ma  cosmetic  results,  with  either  prone  or 
;umne  patient  positioning.  The  results  of  prone 
xternal-beam  PBI  are  slightly  superior  to  those 
)i  supine  external-beam  PBI  in  terms  of  normal 
issue  snaring,  owing  to  the  fact  that  when  the 
patient  is  in  the  prone  position  the  treating  beam 
an  De  directed  to  avoid  exiting  through  the  rest 
n  the  bodv.Al  Supplementary  Figures  1A  and 
B  online  exemplify  a  case  in  which  the  prone 
position  enhances  conformality  and  reduces  the 
lose  to  normal  tissue. 

Several  important  challenges  remain  regarding 
he  optimum  role  and  implementation  of 
xternal-beam  PBI,  which  include  establishing  the 
^TV  and  CTV  fin  view  of  the  natural  evolution 
iver  time  of  the  tumor  cavitv),  selecting  the  most 
•enroaucible  conformal  technique,  and  deter- 
mning  the  optimum  accelerated  fractionated 
•egimen  over  5  days. 

n  conclusion,  accelerated  regimens  of 
xternal-beam  radiotherapy  are  rapidly 
becoming  a  standard  radiation  approach  after 
breast-conserving  surgery.  Until  equivalence 
)i  PBI  to  whole-breast  radiotherapy  is  proven, 


targeting  the  whole  breast  to  provide  additional 
protection  from  recurrences  elsewhere  in  the 
index  breast  is  likely  to  be  safer. 10,12  It  is  conceiv¬ 
able,  however,  that  in  specific  patient  subsets  PBI 
will  adequately  treat  the  initial  tumor  site,  while 
a  systemic  approach  (tamoxifen  or  other  anti- 
hormonal  therapy)  can  be  added  to  reduce  the 
risk  of  new  tumors  in  the  residual  breast  tissue 
in  both  breasts. 

Supplementary  information  in  the  form  of  a 
figure  is  available  on  the  Nature  Clinical  Practice 
Oncology  website. 
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